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Tornagan Akagemun nayr CCCP 
1961. Tom 137, Ne 3 


MATEMATHKA 
H. HW. BABPHH 


O KOS®O®HWWEHTAX OMHOFO KJIACCA AHAJIATHYECKHX 
®YHKUMM JBYX KOMIMJIEKCHbIX NMEPEMEHHDbIX 


(ITpedcmaeaeno akademuxom M. A. Jlaspexmoesoim 26 X 1960) 


IHyets D5 (0, 0) — orpannuenHad nowHad ABOAKOKpyroBanA oOGvlacTb, rpa- 


_HHIa KOTOPOH BAK HerpepbiBHO AudphepeHuupyema H aHaJIMTHYeCKH BBIIYK- 


ula u3BHe. Kak fokasan A. A. Temaaxos (+), rpaHvila sToH OOmacTH MapamerTpH- 
ueCKH 3aqaeTcaA B Bue |w| = ri (1), |2| = 72 (t), ON TK 1, rae 1 (0) = 0, 


r (1) <0, 7, (1) > 0B (0, 1], re (1) = exp[ —|-*2din ri (x) | (r2 (1) =0()). 


Ce (Cp) — knacc dynHKuuh F (w, 2) = ba Amnw™2" (aoo = 0), perysApHbIXx 


nz, n=0 
B OuuMNMHIpe E{|w|< Ry, |z|<R.} (o6nactn D) uw yoBnerBopsiouuXx 
TIpH wmoG6nix (@1, 21) UH (We, 2) us E(D) ycnosuio F (wi, 21) F (we, 22) 


oo 


Tlyctb dyHKuua F(w, z) = D AmnW™z" YOBJIETBOPAeCT YCJIOBHAM: a) OHA 


m, n=0 
2n 


peryiaspHa B E; 6) npw O< p <1 orpaHnyuen uuHTerpas \ |p (pe’*, to) | de, 


0 
rae t) (pe’*, to) = F (Ri, pe’?, Repe*—™) Hw fo — mi060e cbuKcHpoBaHHoe U3 


[0, 20]. Stor knace d@yHKuni oOosHauMM Yepes g. CorsacHo ycoButo a) :byHk- 
wun F (pw, pz) (0 < p < 1) peryapHa B 3aMKHYyTOM OnuMsAMHApe £, 4, culeqo- 


_ BaTeJIbHO, B CHJIy MHTerpabHol dopmywb A. A. Temasakosa (’), 


2m 27 ’ 
Amant" = (4n*RTR3)*\ dt\ wp (pel*, f) e~limtm ently, (1) 
0 60 


27 


V3 ycuopua 6) BbireKaer, YTO MOAYJib HHTerpasa \ ab (pe’?,t) e—m-tno—ntld, 


S : 
rae 0 <¢ < 2, orpannuen npu 0 < p < 1. Hs ycnosnit a) u 6) cuegyert, uTo 


_ yuxnus tp (6, fo) € Hi uv noromy HMeeT MoYTH BCIOLy Ha OKpyKHocTH | F| = | 


ONpeeIeHHble NpeeJIbHbIe 3HAYCHUA MO HeKaCaTeJIbHbIM IYTHM, o6pas3yrouve 
Qn 


rpaHnunyio dbyHKuuto wp (e’°, fo), u (SC, fo) = (2ni)-\ wp (e, to) (ec — C)-} de’®, 


0 
ire MHTerpan noHuMaerca B cmbIcse JleGera. Orcioga 


on 


I(m + n)!]-tapl"+”) (0, to) = (2n)*\ p (e*, to) e—m+ne dep, (2) 
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C apyroit cropount, dyHkuus p (pC, Zo) peryulapHa B |¢|< 1, u noTomy, B curly — 
dopmystpr Kon, 


27 
[(m + n\l]-tpmrmapint™) (0, to) = (2x) \ p (per, to) embed. (3) 
0 


M3 papeucts (2), (3) HaliflemM, 4TO 


an an 


tim | wp (pets, to) emimtne dy =| ap (ele, fo) erin dg, 
eek es Ps 


W Tak Kak fo — 1060e cbuKcHpoBaHHoe u3 [0, 2m], To 
an Qn 
ap (pe?®, t) e—t(m--n)e dq = \ ly (e?, t) ei(m--n)e dg. 


0 


lim 
o>] 


ost 


Tlepexoga B (1) k ipeaeny mpH p — 1, nomysum dopmy.vini 


27 
Ginn = (4a aR\ dt\ w( tb (ei, £) iim: me—ntl dg, (4) 
0 
re MHTerpaib! MOHMMaloTca B cMbiCme JleOera. Tem cambiM JoKa3aHa: 
co 
Teopemal. ua dyxkyud F (w, 2) = a Amnw™z" € gq umetom mecmno 
m, n=0 


gopmyao (A). 

CkaxkeM, 4TO HekoTOpoe cBolicTBO L HMeeT MECTO [JIA MOUTH BCex ToUeK (ft, @) 
KBagpatra S{O mt< 2m, 0< @ < 2m}, “nM, KpaTKO, NouTH BCIOZy Ha S, 
eclH mouTH Bce ¢ H3 O < ¢t < 2am OONaawT TeM CBOHCTBOM, 4TO JIA HAX NOUTH 
sce @ 43 0 < @ 2m OGNaaoT cBolcTBOM L. 

CaenetsBue l. Ecau dyuxuna F (w, 2) € gq TaKosa, 4TO > (e’?, t) = 
nouTH Bciofy Ha S, To F (w, 2) = 0B E. 

Jlemma. Ecau dyxkyua F (w, 2) € Ce, mo 


(4) | at\ Isp (e®, 2)\ do <1, (5) 
0 0 


rlpudem BHAK paseXcmea umeemn Mecmo moaoko Onan GbyHKuyuli F (w, z2) € Ce, 20e 
lp (e, t)| = 1 nouwmu ecrody na S. 

Woxa3zsateabetsBo. Tax kak F (wv, 2)€Cze, To dyxKuna yw (6, 2) 
mp J060m (puKcHpoBaHHo ¢ 3 [0,20] perynapHa B kpyre|C|< 1 u yyosuer- 
BopseT pH wWoOObIxX Gi uw Ce M3 3TOrO Kpyra yc1oButo tp (C1, Z) p (Ce, 4) ~ 1. To- 
S9TOMY, B CHJY COOTBETCTBYIOWErO MpelORKeHUA IA OMHOTO MepemeHHoro (°), 


2m 


(2)*\ | pe, |do< (6) 


0 


oTKya u CleqyeT omeHKa (5). Hives B Buy (6), paBeHcTBo B (5), KaK H3BeCTHO, 


NOy4aeM TOKO, Kora (27)~ i | (e%?, 4) |dp = 1 aaa mourn Beex ¢ u3 [0, 2m]. 
0 
Tlocequee paBeHCTBO JIA KaxKOrO U3 yKa3aHHbIX MOUTH BCex ¢, COormacHo 
TOJbKO 4YTO OTMCYCHHOMY MpeIO*KeHHIO AIA OLHOTO MepeMeHHOrO, UMeeT MeCTO 
TOMbKO, Kora | p (e’*, tf) | = 1 ana mourn Bcex @ u3 [0, 2x]. Takum o6pasom, 
3HaK paBeHCcTBa B (5) MMeeT MeCTO TOJbKO WA cSbyHKuNH F (w, 2) 6 Ce, rye 
|p (e’?, 2) | = 1 nourn sctomy ua S. 
Sameuaunne 1. Hs (6) cnenyer, sro Ce C gq. 
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= =e 


a 


Teopema2. Ecau dyxxyua F (w, 2) = Pa Amnw™z" (ao = 0) € Cz, 


| m, n=0 
| mo npum+t+n>O 
eg oer i) mae (7) 
pasexcmeo tmeem mecmo moAvko OAA dynKkuyuu 
71, ft 
PN este yas, (fa, ah Sa de (8) 
RMRO 


Moxa3zateapbcetso. Cornacho dopmysam (1) u aemmMe umMeem 


on 


Jamal = OP REREY™|\ at, 
) 


(| ap ( (e’?, t) e—L(m--n) e—nt] dp dt < 


< (4@RTRS)*\ at\ |p (e*, ) |dp <RE"Rs". (9) 
0 


0 


Ucnonp3ya npesqioxenne Jia OfHOrO KOMMekKcHoro MepemeHHoro ** vw JemMy, 
3akmI04"aeM, TO 3HaKH paBencTBa B (9) 6yyT TOMbKO B cCyulyuae, Korfa 
arg wp (e%?, ¢) e—l(m+n)e—nt] = const (mod 2m) u |p (e%?, 4) | = 1 nourn Bciogzy 
Ha S, 4TO PaBHOCHJIbHO OJHOMY YCJIOBHIO 


ROREF (Rye, Reele—?) 


—— = pix — 
(Rid) (Rat const = e Emn 


MOUTH BCIOLy Ha S, KOTOPoe, B CHJY CleACTBHA 1, BLITIOJHACTCA TOMbKO B culy4ae 
yuku (8), Lia KOTOpoH B (7) HMeeT MeCTO PaBeHCTBO, 
co 


Teopema 3B. Ecau qynxyua F (w,2) = >) Gnnw2" (aoo = 0) € Co, mo 


it, n=0 


: 
p 


npu m+n >O umeem mounole ouenku 
eas m 
|amn| <r” (ae) rs" (——) (10) 


(caumaa 0° = 1); pasexcmeo npu m>0, n > 0 umeem mecmo moaoKo das 
ynkyuu 


5 w™2" ; 
F (a, 2) Sa oes ’ | Emn | = I. (11) 
m m 
| le eas ee) 
| 1 \m-+n/ 2\m-+n 
* Orcioqa, B 4aCTHOCTH, AA OHOrO MepemMeHHoro MomyuaeM H3BeCTHY!O oLeHKy (3). 
an 2m 


** Hak paBeHCTBa B \ f (e!*) dp |< | | f (e!*) | de, rae f(e’®) u | f (e%)| cymmupyemsr 
0 


Ha [0, 2], gocruraetca Torga WH TOMBKO Torga, Kora arg f (e'*) = const age 250) qa 


27 


iy ouTH Bcex 9, ON @< 2z. JNeiicrBuTembHO, NycTh f = arg \ f (e%) dg. Tora | ( f(e’?) 0) | = 
y 0 


—} 


] 2m 27 Qn 
3 el Fe) dp = \ | f (e"®) | cos [arg f (e*) — 8] de <| | F (¢*) | dp, orkyza nero cae- 
0 0 0 


“Ayer yTBepxKjenue. 
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Toxka3saTeabctTBo. Tak kak rumepmospepxHocTb | w |= ri (1), 
| z| = re (t) cocraBuseTcA H3 MoBepxHocTeli |w| = ri (t), | Z| = re (t) TIPU He- 
IIpepbIBHOM H3MeHeHHH Mapamertpa tT B cermenute [0, 1] u Tak Kak TouKa (0, 0) — 
BHYTPeCHHAA TOUKA OunnTHHpa | w|<1r1(t), | Z| < re(t) mp mo6om T, 0<t< 1, 
TO Ha OCHOBaHHH TeopeMbl 2, 


lame | Sav Ae AT), m> 0, n>0, 


T — Mpov3BoulbHoe uncsio u3 (0,1). Mcnomb3ya dyHkuMH OfHOTO KOMMJeKCHOrO 
MlepeMeHHOro 


foe) co 
F (0, 2 = 4 Qon2", F (wa, 0) = » AmoW™, 
n=0 m=0 
yuMeeM 


iden <a e (O) O) eeneer  ge 


HetpyHO BHeTb, 4TO 


fa eed (are), mo Oy Si OU: 


Bae fe A Eee ra, m>0, n=0: 
rz (0), m=O fin, 


nlosToMy HMeem oueHky (10). Jlanee, B cryuae OulMIHHApa ( wl<rn i eer ) , 
‘0 
Mo 


\ 
fz iors Crone: (mo, no—'mo6nle (UKCHpoBaHHble 43 m—=—1, 2,...;n= 1, 2,...), 
rye dbyHkuua F (w, 2) yRoBJeTBOpAeT BCeM yCJIOBHAM TeopeMbI 2, 3HaK paBeH- 


CTBa B_ OIleHKe 
\ —Mo Mo —ile "Mg y 
a — Se 
ees. | ei is “5 al M2 a a a 3 


B CHJly TeopeMbI 2, HMeeT MECTO TOJIbKO JIA CyYHKUMH 


mo gito 


(Gee a) oe 
1 \tMg + Mo / 2 \tMy + No 
aTaK KaK Mo, No — J0Oble (PUKCHPOBaHHble H3 m — 1, 2,...;n = |, 2, 
TO paBeHcTBO B olleHKe (10) npu m > 0, n > O uMeeT MeCTO TObKO AVIA PyHK- 
uuu (11). 

Sameuaune 2. B cayyae n KOMMIeKCHbIX MepeMeHHBIX BCe paccyx*KJle- 


HHA MpPOBOLATCA COBePIIeHHO aHaJIOPHYHO (IA NOJMUMIMHIpa — Kak JA 
OULMINH Apa, AIA CielvasbHbIX KaccoB oGsactet (*,°) — Kak Jia o6acTH D). 


F (w, 2) ee Emon | Eman, | =a IF 


MocxkoscKHit O6sacTHOH mesarorHuecKHii HHCTHTYT Tlocrynusio 
um. H. K. Kpyncxoit ie 13 X 1960 


IHMTHPOBAHHAS JIATEPATYPA 


1A. A. Temaaxkos, JAH, 120, Ne 5(1958), 2A. A. Temaaxos, Yu. 3an. 
Mock. 06.1. neq. wucT. um. H. K, KpyncxoH, 21,7 (1954). ° H. A. JIe6enes, HW. M. Mu- 
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MATEMATHKA 


C. B. BAPrAHOBA u WO. ©. KOPOBEMHHK 


O CBEPXCXOJMMOCTH HW HENPOROJDKAEMOCTH 
®YHKUMOHAJIBHbIX PSOB 


(II pedcmaeaneno axademuxom A. H. Koamozopossim 22 X 1960) 

|. WUsyyaa makyHapupie crenenuble pag, OcTpoBcKHli NoKa3aul, YTO 3TH PADI 
CBEPXCXOMATCA B OKPeCTHOCTH MOOOM peryJAPHOM TOUKH Ha rpaHuue Kpyra 
‘cxoyumoctn ('). Mm xe Opa JoKasaHa OOpaTHad TeopeMa, CorjacHo KOTOpoi 
BCAKHH CTeNeHHOH pA, OONaalolului YaCTHYHOH OCJIeLOBATeJIbHOCTbIO, paB- 
HOMepHO CXOJAMeHCA B OKPeCTHOCTH KaKOH-HHOyAb peryJIAPpHOH TOUKH Ha rpa- 
Hue Kpyra CXoO{MMOCTH, eCTb px, JaKyHapHol crpyKTypy!. Takum o6pasom, 
Hasivune CBepXCXxoOJAMeHCA YACTHYHOH NOCMeELOBATeJIbHOCTH BIOJIHE ONpedesAeT 
JlakyHapHyto cTpykTypy psa. Cuelyer ormeruTb, 4To OOpaTHasd Teopema Ocr- 
POBCKOFO JoOKasbIBaeTCA ropa3fqo coxwKHee MpAMOH. PaOdorbr OcTposcKoro 
pasBuTbl B Tpyax Bypvoua (”), Nouy4HBero BaxKHbIe Pe3yJIbTAThI O CBEPXCXOLA- 
HIMXCaA CTeMeHHbIX pxAfax. B nocuieqHee BpeMaA NOABHINCb padoTnt (*-°), B KoOTO- 
PbIX H3y4asIMCb CBeEPXCXOMMMOCTH HU HelpooKaeMocTh (PYHKUMOHAJIbHbIX pA- 
AOB (riaBHbIM OOpa30M, pxAOB MO MOJIMHOMAaM), 

' B uactoatlel 3aMeTke npamaa Teopema Octposckoro NepeHocHTcsA Ha CJly- 
Yai PYHKUMOHAJIbHLIX PAQOB QOBOJbHO OOWeH MpHposbl; MOyYeHHbI pesyJb- 
TaT BKMO"UaeT, KAK YACTHBIe CLy4aH, HEKOTOpHIe pesybTAaTHI H3 (°,°,°). Kpome 
TOrO, C MOMOINbIO HEKOTOPHIX XapaKTepHcTHK, BBeweHHbIX M, A. EsrpacdosBpm 
(‘), Moka3piBaetcaA yTBepKeHHe, OGobularonlee OOpaTHy!o Teopemy OcTpoBckoro, 
- Jina dopMyJIMpoBKH NowJy4eHHEIX pe3sybTATOB HAM MOHaLOOATCA HEKOTOpHIe 
TIOHATHA WH oOlpeweeHHs. 

Ilyetb wu (z) > 0 — Henpeppipuad cbyHKWMA OT MepemMeHHoro z Takas, 4TO 
ypaBHeHua wu (Z) = p M300paxKaloT CIpAMJIsemMbie KPHBble C,, OKpyxKaloulMe 
Hayao KOOopuuaT, KOTOPLIe IPH YMeHbUIeHHU p CTATHBaIOTCA B TOUKY 2 = 0; 
Tip 9ToM KpuBan C,, J@EKHT BHYTpH KpHBol C,,, ecuM pi < pez. Kak B (%), 
yepe3 D, o603HauYHM OMHOCBA3HYIO OGACTb, JeKalllyio BHYTpH Cy, a Mok 06- 
nactpio Ri < u(z) << Re OyJeM NOHMMATb KOVJIbieoOpasHyio OOaACTh MerKLy 
Cr, YM Cp,. j 
' Byfem ropoputb, ro cucTema (pyHKUHii {Pp (2)} OOaaeT cBolicTBoM (S) 
B oOmacTH Ri < u(z) << Re, ecnu Qua mo6oro € > 0 WH moOnIx Nn Hf’, 
Ri < mn < re < Re, MOKHO yKa3aTb TaKylO KOHCTaHTy A H Tako Homep JN, 
UTO JIA BCex n > New Bcex 2 B OONACTH 11 <u (2) G fe 


lon (| <A (uz) + €)". (1) 


_ OueByyHo, 4TO ec CucTeMa PyHKUMH {Py (Z)} YAOBNETBOpAeT yCuOBHIO (S), 
To Aa moOoro p us (Ri, R2) 


n 
lim Vmax | qa (2) |<p. (2) 
n—-co z€Cp 
Jlerko moka3aTb, 4¥TO yculoBuIO (S) yAOBJeTBOPAIOT MpaBHJIbHble CHCTeMbI 


M. A. Esrpadosa (’), mouTH mpaBubube cucTempl (°), a TaKKe KBa3sMCTeMeHHbIe 
BHYTPbIIposomKaemble Oasucpr M. I. Xanmanopa (°). 
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@MyHKUMOHAIbHbIH ~pAL 
[oe] 


i (2 = a Ann (2) (3) 


n=0 


Cc kospPuUneHTaMH, YOBJIETBOPAIONIHMH yYCJIOBHIO 


lim Viaq,\=— (Riz Ra Ro, (4) 


n->oo R 


CXOAMTCA PaBHOMePpHO B KaKJOH 3aMKHyTOH OOacTH, JeKaulei BHYTpH oO- 
actu Ri << u(z) << R. 

Pay (3) Ha3piBaeTcA pAOM JIAaKYHapHOH CTPyKTYPpbI, eCJIM erO MOXKHO pa3- 
OUTb Ha [Ba psa Tak, 4YTO OHH PA, MMeeT TIponycKu C OrpaHuyeHHOH CHM3Y 
OTHOCHTCIBHOH HHO, a Apyrol Meet GoubUIMH payMyc CXOLMMOCTH. 


V3 ompeleneHua culelyeT, 4TO ay = ay + a,, NpHyem 


v 
z eR A 
lim Vie. 
om | y| R j 


(5) 


lim Vaz | = — (r > R) 


v>00 


M KospunHeHtTs a, = 0 ANA me< Vv < me (R= 1,2,...), ne > Atm, AS], 

B pa6ote (’) M. A. Esrpados Be noHsaTHe NepBolt NpHBeseHHOM CHCTeMBI. 
UmeHHO, OH Ha3biBaeT CuCTeMy (YHKIUMH {@,(z)}, AHAIMTHYeCKHX B HEKOTOPOH 
OKPeCTHOCTH Hayasia KOOPAMHAT, NepBOH NpHBeeHHOH CHCTeMOH, eCIH Pp (2) = 


co 
= > Qn, r2" (dn,n = 0,n = 0, 1, 2,...). Ecam neppaa npuBeyqenHaa cucTema 
k=n 
ABJIAeCTCA MpaBHJIbHOH HM OOpasyer Oa3nc BD, pH Bcex p H3 (Ri, R2),TO TaKyto 
cHcTeMy OyjleM Ha3bIBaTb MpaBHJIbHbIM MepBbIM TIPHBeeHHbIM Oa3HCoM. 
Teopema l. J/Iycmo qdynkyuu {Qn (2)} anaaumuuHol 6 eee 
Ri < u (2) < Reuydosremeopsiom @ Heti ycaoeuro (S). Jaa moezo umo6e. p20 (3)! 
npu ycaoeuu (4) Oola ps00mM AaKYyHapHod cmpyKimypol, HeobOxodUuMO, a @ cay4ae, 
ecau In u (2) — cynepeapmonuueckasn 6 Ri < u (2) < Re dynKyun, a {Qn (2)} 
npaeuAbHolt nepeolti npueedeHHoitt Oasuc, U OocmamouHo, umobol cyimecméo- 
gana noOnocaedosamerbHocmb Sn, (2) pada (3), OOAradaiowan caedyroujuMm 


ceoticmeom: 6 HeKOMOpol OepanudenHott O6b2acmu G, eHewHeli K Cr, 6bINOA- 
HSUOMCA Hepabercmea . 


ig IM Smm 2)I<V@)+ em (2, R=12.-. 


2de p(z) — nenpepoienan @ G qyxnKyUuA, yOoea»aemeopsatoljan 6 Heli YCACBUID 
p (z) <cln “2 | a &n,(Z)—>0 pasHomepxo 6 amott oOaacmu. 


Tlon0xKuB, B YACTHOCTH, Qn (2) = 2”, a u (z) =|z2|, Momyuum Teopemy By- 
puoua (?). 

Teopema 2 (aHanor mpsmow Teopempt OctposcKoro). Ecau psd (3) 
npu ycaoeuu (4) seasemca psadoM AaKYyNapHot cmpyKmypol, m. e. wmerom 
Mecmo coomuHoweHust (5), cucmema qgyxrKuutt {Pn (Z)} yOoeremeopsem ycao- 
euro (S) u In u (2) — cynepeapmonuueckaa dbynkyua 6 o6aacmu Ri <u (2) < Re, 
mo nodnocaedosamenbHOCMb YaCMU4HeLX CYMM 


Lg 


Simp (2) a py QAnGn (2) 


n=0 


——— 
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eXOOUMCA paBHOMepHO 6 OKpecmHocmu Kaocdoli mouku peeyaapHocmu f (2), 
Aencatuett Ha Cr. 

_ Teopema 2 cogepxuT B ceOe pe3ybTaT cTaTbu (°), a TakxKe Teopemy 2 
u3 (°). M3 Teopempl 2 clehyeT yrBep2xeHHe, OOoOiarollee H3BeCTHY!IO Teopemy 
Ajjamapa ('): ; 

Teopema 3. I/ycmo gdynkyuu {Pn (2)} o6pasyiom npaeiaonyto 6 Dp, 
UAL NoYMuU npaBuAbHYyIO 6 OOAacmuU Ri <u (zZ) << Re cucmemy, a |n u (2) — 
cynepeapmonuueckan dynkyus 6 amot obaacmu. Toeda, ecau KOMepa OMALLYHOLX 
om nyAA Koaduuyuenmoe pda (3) npu ycaoeuu (4) OOpasyiom nocaedoeamearc- 
Hocmb {Nm}, 6 Komopol net, > (1 + 9) ne, 89 > 0, mo Kpuean Cr seanemca 
Kynopom dyxKyuu f (2). 

Teopema 4. /Ipednoaoxum, 4umo dynkuyuu Qn (2) axaaumuuno 6 Dp, 
U COCMABAMOM npasuAbNolti nepeolti npueedeHnowli Oasuc. IIycme, Oaree, \n u (z2)— 
cynepeapmonuyeckan @ Ri < u (2) < Re dyxKyua. Toeda ecakuti pad (3) npu 
ycaoeuu (4), umerowut ceepxcxodsuytoca 6 OKpecmHocmu HeKoMopot mouKu U3 CR 
YacmuuHyto nocaedosamearvnocmb Spy,(Z), Aeasemca psi00mM AaKYHapHolL cmpyK- 


my pol. 
3Sameuaunnue. Teopema 4 6yleT BepHa, eCJIH (pH BHINONHeEHHH Mmpownx 


yYKa3aHHbIX YCJIOBHM) pay (3) MMeeT HE CBEPXCXOMAllylocA YacTHYHy!O NMocwe- 
MopatesbHocTb S,,(2), a OfpaHH4eHHyl0 B HeKOTOpOM MocTaTOuHoO Mao OKpecr- 


HOCTH TOUKH 20 € Cr “aCTHYHy!O MOCJeLoBaTeNbHOCTh {Sn,(Z)}. 


Touky 20 Ha koHType Cr Ha30BeM OOOOMEHHOK OcOGOl TOUKOL Wid PyHKUHH 
(2), ompeqemaemolt paBexcTBom (3) npH ycioBHH (4), ecu1M HUKaKas Mosmocue- 
co 


JOBaTeJIbHOCTh pAya ba QnQn (Z) He CXOAHTCA PaBHOMepHO B OKpeCTHOCTH Tou- 
n=0 
KH Zo. Tora cnpaBequB CJleLyIOulNi pesy/bTaT, BbITeKAaIOWH H3 TeopeMbl 4: 
TeopemaD. Ecau pad (3) npu ycaoeuu (4) no @yxkyuam npaéeuabnozo 
nepeoeo npueedeHHo2o Oasuca He ABAKeMCA pAOOM AAKYHAPHOU cmpyKmypot, 
a in wu (2) — cynepeapmonuueckan 6 Ri < u (2) < Re dynKyua, mo ece mouku 
Ha Cr AeAsIOMCA OO0OWeHHbLMU OCcobblIMU mouKamu yHKyuU f (Z). 


PocrosceKHii-Ha-Jlouy Tlocrynuio 
rocyapcTBeHHbIM YHUBepcHuTer 21 X 1960 
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Jlokxagnn Akagemun wayk CCCP 
1961. Tom 137, Ne 3 


MATEMATHKA 
M. HW. BHUIMK 


PEWEHWE CHCTEMbI KBASHJIMHEHHbIX YPABHEHHA, 
MMEFOLUMX AWHBEPrEHTHY!O ®OPMY, TIPH MEPHOQMHUECKHX 
PPAHHUHBIX YCJIOBHSX 


({Tpedcmaeaeno axademuxom H. I. Iemposcxum 28 X 1960) 


B 3aMeTKe JOKa3bIBalOTCA TeOPeMbI CYLLCCTBOBAHHA H eMHCTBEHHOCTH: pe- 
IWeHHH HEKOTOPLIX KJIaCCOB CHCTeM KBa3HJIMHeHHbIX ypaBHeHHH, rlIaBHble WJIeHbI 
KOTOPbIX 3aNHCaHbl B JMBepreHTHOH (hopMe, MpH 3aaHHbIX NepHoqHyecKHx 
PpaHHuHblx ycioBuax. I]pH stom MpesnowaraeTcaA MOOKUTELHOCTh HEKOTOPbIX 
(opm; 9TO TpeOoBaHHe’ OOOOLaeT YCJIOBHE CHJIbHOH IJIJIMNTHYHOCTH JIMHeEHHBbIX 
cucTeM ypaBHeHHi (') H ycuIOBHe peryJIApHOCTH BapHaljMOHHbIX 3aayu. Cryuan 
cHcTeM Co «cla6o0» HeJIHHeEHHbIMH KoappuUMeHTaMH paccMoTpeH B (?). 

1. Ilycrb JJaHa cucTeMa 9JIIMNTHYeCKHX ypaBHeHHH Ba * 


SS) (— DID. Aa (x, u, Det) + B (x, u, Deu) = h (2), (1) 


jal<m, |Bl<m 


lal , ot ) ..% sae 

re x= (*1,...,%2), Da =O / Ox"... 0%,", & = Gi, .5 +5 Gn), LO | Ga 
wea Gn. DYHKORH 2 = GPS, a = (AP Dig HAY) Add: ae 
IpHHMMaIOT BeKTOpHble 3HayeHHA BR’, npHyuem Aq (x, 0,0) = 0, B(x, 0,0) =0. 
Takum oOpasom, (1) aBaseTca cucTtemoii N ypaBHeHui c N HeH3BecTHBIMH WwW’, 
3anucaHHOH B BeKTOpHOH qgopme. Ag, B —HenpepHIBHO AuddpepeHuNpyemple 
(PyHKUHH CBOHX apryMeHToB MpH x€G, G= (0< x; < 2n),— cou, Dgu< +0. 
J[siA MpOcTOTHI MbI OrpaHH4HMCA 3eCb NepHOAMYeCKHMH PpaHHUuHbIMH YCJIOBHAMH 

u |xj;=0 = Ut |x;—on Dts |x,—0 = De u lxj=on (i wand 1 ee ey n). (2) 


TakuM oOpa3oM, MbI HUleM pellieHHe cuctTempl (1) Ha n-MepHoMm Tope G. 
OcHoBHoe Halle lpeqnoulomeHve, KOTOpoe OyeT HH2Ke YTOUHEHO, CBOAHTCA 
K HOJIOMHTEIbHOCTH MOpMbI 


ly (u) = [Ay (xy u, Deu), Dau\+ [B ( iP w>elule, (3) ) 
rye 6 >> 0, | |—Hopma B Le uan L,, [,]— cKanapHoe mnponsBefenue 
BekTop-pyHKunit; u(x) € P*”, vr. e. u(x) — mo6an cbynKuua u3 C*” (G), 


YHOBNeTBOpsAIOUad (2); MO OMMHaKOBbIM HHeKcaM CJleqyeT CYMMHPOBaTb. 
Ycnosue (3) HMeeT (PyHKUHOHaIbHyIO cdopmy. Jlerko mpuBectu asreOpanye- 
ckoe ycylOoBve, MocTaTouHoe AA BbINOMHeHUA (3): 


(Aa (x, u, Gp), ba) + (B (x, u, fp), u) > cl uli, (4) 


re €, — mo6pie N-mepupie BekToppl, x € G— o< u/ < + oo. Ouesnyuo, 
yculopue (3)—MeHee cTecHHTebHOe, 4em (4). Tlomb3yxicb TeopeMaMH BsIO*KeHUA 
C. JI. Co6onesa (*), Jerko MpHBecTH H [pyre JocTaTouHble ycwOBuA, OGecre- 
YMBAaIOWLNe BLIMOHeHHe (3). 

2. Toctpoenue mpwO6OnuKxeHHHX pemenHuu. Tlycte 


(yx b eth : : 
Uy = ete tinkn) | pe x = (ki, ..., Rn) — mo6oi WemouucmeHHEI BeKTOp. 


* Jina mpocrorst sanucu MbI Mpegmomaraem, To cucTema (1) HMeeT OMHAKOBBIi Mops- 
ROK 2m OTHOCHTebHO Bcex KOMMOHeHT w!. Bce cmepylollee HuxKe ClipaBeAHBO pH O4eBHA- 
HBIX H3MCHEHHAX, ecIH NOpszoK (1) oTHocuTembHo u! paBeH 2m, re m; MoryT ObITb pa3- 
JIM4HBIMH. 


n02 


——E—eeee 


TIpw6nmKenHoe pemenue uujerca mo Metoxy TanepKuna B Buse w= >) Cxtlx, 
\nl<é 

re |%|=|ki|+...+|k,|. Heuspectupie Kosppunuents C, onpesensiotca 
W3 HeJIMHeMHOM CHCTeMbI ypaBHeHHit: 


ee ee (A, (x, v7, Dott), Datsl- IB), l= lh,u.d (j/xl<i). ©) 


CymlecTBOBaHve pellieHHA STOH CHCTeMbI BbITeKAeT 3 CyeyIollel JIeMMEI: 
Jliemma. TJlycmo Oana KoHedNan cucmema HeauHetiHolx Yypaenenutt 


AeA CC Gy Cpr = (hy 2h) (6) 
2de A(C) =(A'(C),..., A’ (0) — HenpepoleHaad eexmop-pynkyua, —oo <<C;< 
<too. Ecau daa Oocmamouno 6orowux |C| eoinoaneno Hepacencmneo 

(4@, O>x1e7™, (7) 
mo cucmema (6) umeem no Kpatineti mepe OOHO pewexnue. 
TlelicrautembHo, Ha cepe|C| = R> 1, rzeR> a |h tie , 1 =min (6,1), 
1 ? 


Pt = min (7*, 1), 


—_— 


a 


(fA (C) + (1—t)C—h, C)>i|CP™ —A|-|C|>0. (8) 


CneyopaTenbHo, BeKTopHoe nome A(C)—A ua chepe |C|=R TOMOTOMHO 


nomo EC —h, upwuem B mporecce JepopMaluu ofHOrTO Tosa B pyroe MBI 
He TIpOxOfMM uepes HyJeBoH BeKTop. Orcioga cyleqyeT, TO BpallleHue nossa 


A(C)—h ua cthepe |C| = R—takoe xe, Kak Bpamenne noun EC —h (4). 


Ho mocnemyee papHuo | u, 3HayHT, Neppoe paBHo 1; cneqoBaTembHO, WA 


HekoToporo C Bp wape |C|<R AC—A=0. 
IIpumenasa 2Ty emmy kK cucTeme (5), KOTOpad Takxe uMeeT Bug (6) u 
KoTOpasd, corsacHo (3), yMoBseTBOpseT ycuoButoO (7), MbI yOexKaeMca B TOM, 


"TO cyllecTByeT lO KpaliHelH Mepe OfHO peuleHne {C,} cucrempr (5). 


3. Bo3gmMoxHOCTb MpefesbHoro Tepexofla HM TeOpeMy CYLJeCTBOBaHHA pellle- 


Hua 3agauu (1), (2) MbI JoKaxKeM IIpH JByX HOBbIX MpeqMONOxKeHHAX, KOTO- 
_ pble, Kak NpaBMwio, yxKe BueKyT 3a cOO0!IO ycuoBHe (3). 


Yenosue R. Jina mo6oro s, l<s<n, 


1, (u)= hee Beit) De ae c ae Bt ‘ on ss 
‘ aire aul aul 
> 77>) > | Dew! | LD. a ; Le a | 4 =o: —fy G (w)), (9) 


j jal=m 


rye u— mo6as ynKuusa u3 P*”, MHoroToune o3Ha¥aeT aHaJOrMuHy!0 cyMMy 
no |a&|< m unm ono orcytcrByet; 7; >0. Uepes f; syecb H HuxKe OO03HAa- 


yaeTCA HEKOTOPad MOHOTOHHaA yHKUMA. 
Ycunosne P. Jina nexoroporo p>1, fz u fz 


ls (u)= | || Aa (x, u, Det) |p + || B ( \Ip < fe (4 (4)) + fs (le (u)), (10) 


1a |<m 


‘rie || |p=| ep, upuuem gua |a|—=m u HeKoToporo p, > | 


|| Datt lp. < fa (4 (4) + fos (Ly (u)). (10’) 


_ OueBuAHO, B pAe CAyYaeB MOXKHO JIA YTOUHCHHA 3aMeHHTb B (10) p Ha pa, 


Pa > 1. Jlerko mpupecru focTaTouHble areOpavueckue yCIOBHA IA BHINOI- 
HeHud HepapencTs (9) u (10). Hue MbI HeKoTOpbie 43 HHUX IpHBOMM. 
_ Teopema 1. Ecau evinoanenu ycaoeun R, P u (3), mo cytwecmeyem 


no Kpatineti mepe odnO peweHnue u(x) sadauu (1), (2) npu ecaKkou mynKyuu 
h(x) €§ (?,°,°).J] pu amom 3ascdomo KoHe4nol HOpMel, Cmonujue Creea 6 (10) u (10’), 


u Oana sboti dynKkyuu v€ WO Gy, I/qt+-\/p=1, umeem mecmo coomuo- 
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wenHue (Cm. OO03Ha4eNUe (5)) ~ 
K (u, 0) = (A, 2). iy 
TIponegem, paqH KpaTKOCTH, NOKasaTebCTBO AA Toro YacTHOrO CilyyaA 
ore ciyyal TpakTyeTca aHasorHyHo), Korfa B (1) Ag = Aa (Dats) 
(|a|=m, |B|=m)— oqnopofHbe MHOrouienbl nopsgzKa 2/ + 1 ornocuTestb- 
HO Deu! (j= 1,...,N), Ag, =9 gan |o|<m, B=o*u (B cnyyae rpanny- 
HbIX YCOBHH MepBoH KpaeBolt 3aayM MOM%KHO B3ATb B=O). OrmeruM, To 
B 93TOM YaCTHOM CyIyyae JOCTaATOUHbIM yCJIOBHeM BBINOHeHHA ycnoBuH R, P 

Hu (3) ABJIAeTCA Cyefyrollee: 


dA, (Eg) j j 2 a 
(EE ne ma) > DAP hl (12) 
SB, i, \3|=m 
in smi06nrx Bextopow fg=(Ch,---,63), Na=(nb---. 18); OAa/ OCs, mamA 


(PUKCHPOBaHHBIX o& H By —MaTpHua nopszka N. B cayyae (12) ycnosue R 
BbINOMHHeTCA MpH r; = 2/, f; =O. Mogxcrasum zp (12) Bmectro Cp BekTop fr, 
HM, IpovHTerpHpoBaB o6e uacTu no ¢ or 0 go 1, nonyaum 


(Aa (np); te) > 73 p3 Ine +2. (13) 


Orcioga, B cuuly BbIOopa B= wu, (3) BbImomHaetca mp 6=1. Ycnosue P, 


B cHay (13), Takxe BbINomHAeTcCA mpH p = (21+ 2)/(214+ 1), fg = CH/P+. 


+ Ct, f,=0, pp =214+2, fa(t) =t/", f; = 0. Danbuefmee u3znoxeHne 
MBI TIPOBOAHM JWwia csryyan (12). 
YMuHOxUM OGe yacTu (5) Ha C, H MpocyMmMupyem mo x, |x|<i. Tlonyuum 


1, (uz) = K (uz, uz) = [A, ui], (14) 
a oTcioga, B cHy (3), HaxoguM, 4To J,(u;)<|Alt4*% = M. B cuny (13) 
(usu ycnuoBHuaA P B oOuleM cayyae) oTciofza cueqyerT 


uc? + Dy] Dawe Bits < Chr (wi) < Ma. (14’) 


Jlanee, Tak KaK U,—3KCNOHEHTHI, TO Ou, / OX; = iRslly. YMHOMKUM O6e 
io 2 

yactu (5) Ha —k{, 3aMeHHM STOT MHOXKHTeb pH wu, onepaTopom 0?/ Ox; u 

nepeOpocum 0/ 0x; Ha MepBblli MHOxKUTeIb. Mbl nonyuum (B paccmMaTpHBae- 

MOM cyIyyae) 


0A, (Dgu;) yes Ou; Ou, ou, 
[ee Dee | ot ae ae cel ee 


YmuOxwKaAv, Kak Bbille, O6e sacTH (15) Ha C,, cyMMupya To x, |x%|<i 
HW M10 S H MCHONb3syxaA (12), MbI BbIBOMMM OlleHKy ([ |] OOO3Ha¥aeT HHTerpan) 


Ou; 0A, (Dgt;) Du, Ou, 
-B[m Me] = Aa og Se, a, SH] 40 
2 j jal ou ; 2 
= 1, (u;) > 1? >| | Dau! * > +o? > 
j s : 


Dp a 
Tak kak |[h, ig? igh |= | — [0h/0xs, gees C|| 0h / Oxs|? + 
+ e|du,/Ox.\? u 2 (Dau! Nt — (141) (Daud)! - ise uf , To u3 (16) nony- 


Ox, 


(16) 


yaem || (Deu})’* yay [Ci, wan, B cuny (13), (16), 
2 
| (Deuiy hay Cr (z<O u 2 Mauo). (17) 


B cnny (17) u (14’) u3 {u;} MoxHO BbIOpaTb TakKy1 . Nos~nocneqoBaTesb- 
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HOCTb, KOTOpylO TakxKe O6O3HAYHM {u;}, [IH KOTOPOH: 1) (Daut;)*** noun 
BCIOMy CXOMHTCH K (D,u)'4+2, a 3HauuT, Du; nouTu Bcioxy cxogzutcs K Diu 
man mo6oro |a|<m, npnyem gua I= 21, focraTouHO B3ATb Zi), WAG 
1=2l,—1 saath z=q/r, re q W r—HeverHple; 2) (Da,u?)” Dayul )% 


yh | 
cna6o cxoguten K (Dz,u!)™...(Dayu%)"" gaa moonx ny +... + ny<2l-+l. 
(B o6mem cyryyae mpl OGecneunBaem cxoguMocTb Ag (Xx, uz, Dgut:), B(x, Ui, - - -) 
Ag (x, u, Det), B(x,u,...) Ha ocHoBe oneHoK (10), (10’), (3)). Csolicrgo 1) 
BbITeKaeT H3 BIMOHeE HeMpepbIBHOCTH OMepaTOpa BJIOKeHHA: See ee 
2) ppireKkaerT m3 oueHKH (14’). Baxkno, uTo OnarogapaA CxO,MMOCTH TOUTH 
pcionzy Dou; K Du crenenu Dau; CxoaTch kK cTenNeHAM OHO Hu TOH »*e 
gynxuna Du, npuyem u; cxofurca kK u WH D,u — Mpouspoguad u. 

IIpu @uKcupopaHHom x mepelifem B (5) K Ipefeny npH i—oo, mpnyem 
MBI IOJIyYHM TaKoe 2%Ke COOTHOMIeHHe C 3aMeHOM u; Ha u, TaK Kak JHHeli- 
HbIMH KOMOHHAIHAMH Uy, MO2XKHO alll pOKCHMHpoOBatTb JOOyl0 PYHKLAIO veW™(G) 
(B paccMaTpuBaemom cayyae p = (2! + 2)/(22+ 1), 9 = 2/1 + 2), To PyHKuHA 
u siBAmeTcA pewieHuem sayaum (1), (2) B cmbicue (11), T. e. HMeeT NponsBo]- 
Hble JO NWopayKa m. Teopema Joka3anHa. 

4. TeopemMa 2. Ecau Oana xHexomopozo p< 1 umeem mecmo oyenka 


OA (x, w, Dew) / OXs |p + | OB( )/Oxs\lp <fe (25 (u)) + fr(4a(u)) = (18) 


das mobelx wEP*", mo nocmpoeHHoe peuleHue u uUmeem KOHeUNbLIe HOPMobl 
NPOUSBOOHOIX, YKASAHHOIE CAesa. 

Tloka3aTemberBo cylegyeT u3 Toro, uTo (18) yAoBMeTBOpsIoT NocTpoeHnHple 
MpHONMKeHHA u;, ud KoTOpBIX J; (u;) H /,(U;) paBHOMepHO OrpaHHueHbi No f. 
_ Jina cuctem sroporo mopsaka (m= 1) B cayyae BbINOMHeHHA yculOBHit 
reopem 1 u 2 oTciojla cuesyeT, YTO nocmpoenHoe peiwlenue uU yOoBAremeopnem 
ypasHenuro (1) noumu ecwody e G, npusem OAg (x, u, Dgtt) { Ox € Lp. 

- OrmeruM, TO B pacCMOTpeHHOM Bblllie MpHMepe MNOMHHOMHHAJIbHbIX 
Aa(Dsu) (18) 6yxeT BpinonHeHO, ecru BMecto (12) noTpeOoBaTb BEINOHEHHA 
6onee *KecTOKorO yCJIOBHA 


dA, (C5) ea jot \ [ 
(ee no ne)or( SD 1h)( BD ihr) a9) 
Ba i, \Bl=at iy (Pit=20 

(OqHo ypapnenue Broporo nopsyKa Bua (1) Np ycnoBHaAx THNa (19) 
M3y4aOcb J[pyrHMM MeTOamMH B pase padoT (cM., HanpHMep, (7 ?°).) 

Teopema 38 (equuctBennoctu). Ecau eoinoaHeno ycrosue (12) @ paccmam- 
PUCGEMOM NOAUKOMUGALHOM CAYyHae UAL YCAOCBUE, o6obuaiouee (12) 6 obiwyem 
caywae ypasHenun (1), mo nocmpoexHoe peulenue Uu eCOUHCMBEHHO 6 KAQACCE 
bynkyutt ¢ KoKeinelmu dopmanu 1,(u) u l, (u). 

TlycTb uw, HW u,.—Ba pewlenusa sanauu (1), (2) B cmpicne (11). Barautaa 
nounenHo cooTHomeHua (11) Aa u =U, WH U= Ug, Mbl NOAYIHM B mipocteit- 
wiem cayyae (12) 

[Aa (Dgtty) — Ae (Dgttz), Dav] +- w? [u, — Us, v] = 0. (20) 
"Tax Kak Aq (Dott;.2)@Lp, rae p = (2! + 2)/(21+ 1), To B KauectTBe U B (20) 
| MOXKHO B3ATb Uy — Up. BpejlemM BciOMOraTeJIbHy!0 (PyHKILHIO 

@ (t) = [Aa ((1 —¢) Dette + tDpttr) — Ag (Dpttz), Da (us — Ue)] + o?[.. .]. 
Ouesuguo (B cuny (20)), p(0)=0, p(1)=9. Cnegopatebuo, g’ (c) = 0, 

0<c<l, oTKya BbIBOMHM, YTO WU, COBMaqaeT NOUTH BCIONY C Up. 


MockoscKHit 3HepreTHyeckHit Tocrynu10 
27 X 1960 
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Jloxnagp Akaqemun nayk CCCP 
1961. Tom 137, Ne 3 


MATEMATHKA 


Il. E. KOBIOK 


O UHMCJIE NOAPYNM KOHEUHOM ABEJIEBOM PPYNMbI 


(IIpedcmaeaeno akademuxom A. H. Maaoyeooim 24 X 1960) 


§ |. B HactosimeH pa6ote paccmaTpHBaeTcH BOMpoc Oo uNcne Nosrpynn 
WaHHOroO NOpAyKa pa3MHUHbIX THMOB KOHEYHbIX adeseBbIX p-rpynn. 

B paOoTe ucnomp3yioTca cCaemyiomiHe onpefeseHHs, panee BBeeHHbIe 
aBTopom (1). 

Ilyctb p—npocroe uucno, « u B—uenble uuca. CumBon Pag ompese- | 
AHeETCH CeyIOULHM O6pa3om: P,., = (pt — 1)(p*-1— 1)... (p8t1— 1), ecam 
O<B<a; Pug=1, enw B=a nnn a<B=0; P.s—0 8 ocTanbHEy 
cayuaax, T. e. ecnn O>B—a umn ac BO. 

Tonowum 


Poe Pas 0 fae) 0 
liz sToro ompefeneHHa BbITeKaeT, TO, eCJIM He BbINOMHHeTCH ycOBHe 
a>p>0, TO Gao = 0 npu a-p up+-0; gap=—1 nphp=0 nH a=—p. 
Ilyetb dy, dy,..., d; —Wenble HeOTpuiaTebHbIe YNCa, MpHyeM Np 000M | 
i=1,2,...,4—1 dj>Sdisy3 MycTb a4,Q2,...,Q;—MPOH3BONbHbIe Wesble 
yncna. OnpenenumM CHMBOJI 


l 
Il Pdj—aj44 aj--az 44) Q4,=0. 


i=] 


l 
ee — i Si 
=f 


Ilycrp P —npovwspombHan adelepa p-rpynna, d—ee panr, p* — HamBbic- 
ULuii U3 NOpAAKOB 3ueMeHToB rpynnb! P. Ycnosumes uepes d; o603HadaTb 
YHCJIO 3JIEMCHTOB MUHHMaibHOoro Oa3uca rpynnbl P, NOpsAyOK KOTOpbIX | 
He HwKe p’. TakHM O6pa30M, OYeBHAHO, uTO dy = d, driy = 0, drip = OUT. J. 
Uncna d; (i =1,2,...) 6yqeM Ha3bIBaTh HHBAPHAHTAaAMH rpynny P, 
a OTHOCHTeJIbHO CamMoii rpynmb! P 6yem ropopHTb, 4TO OHA THMA {d, do, . . ., dr}. 

IIpu BbiBoye TeopeM, ctbopMyJHpOBaHHbIX flasiee, MPpHMeHAIOTCH CeLyt0- 
LHe TpeAO%KeHNA, TOKa3aHHble aBTOpOM B paOote (’). 

JlemMa A. Ecau a,b, c—yeavle HeompuyamerbHole uucAa, mo umeem 
Mecmo moocdecmeéo 


a 
>) pio—-Tp, c-—iPa, i = Pat. c- 


£=0 
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Teopema A. ITycmp P—ab6eanesa p-epynna muna {d,,dy,..., dp}. 
Ilycmb ay, Qz,... 2 oo yearvle 4ucaa. Yucao nodepynn muna {ay, Qg,..., An} 
t \ 
bpynnet P paéexo 4 
. Vee 

‘J 

§ 2. ee lipHMeHenve Teopembl A jlaeT BOSMOMKHOCTh AOKA3aTb 
cuepyromlee Npesnomwenne: 

Teopema 1. /lycmp P—a6enesa epynna nopsdKa p" paxea 2 u muna 
{d,, do, .+.,dm}. Ecau dy = 2, dj4,4< 2 (L<m), mo 4ucao nodepynn nopsdKa p* 

n+) 
(2<[ 5 )) epynnot P pabHO @s44,1, ede 6—HNaUmMeHbUee U3 4uUCea-& U L. 
lanee, ucnompsyn semmy A, tTeopemy A uM TIpHMeHAS HHAYKUMIO M0 S, 
MOXKHO OOOCHOBATh TaKOl pesysbTar: 


Teopema 2. ore P —a6eareea epynna muna {d;, do, ..., ds, ds44,.--, dr}, 
npudem dj =d,=...=d,>dsi,. Yucao nodepynn nopsdxa p* (0 oe S) 
: pynnet P paéexo cata ae 
i Tipumensis TOT 2Ke allliapaT, a TakxKe Teopemy 2, OKa3biBaeM CJIeLyIOLILy10 


m.-,s_70;}, npuuem dy=—d,—=...=ds, (mak umo n=(s—1)d,+d,). 
Yucao nodepynn nopadKxa p* (O<a<n) epynnel P cpaBHumo C Qa+d—1, « 
no modyaw p'—*+1, 

B teopeme 10 padorni (') mpHBefeHa OWeHKA UMCa NOArpynn nopsyKa p% 
Modo adenepoh rpynmbl. Onenka 3Ta faeTcA C NOMOMbIO PYHKUHH Qn,a. 
Vintepecho oTMeTHTb, ¥TO OWeHKa YHCNa Nosrpynn nopsyKa p* rpynnpi P 
(oxapaxtepusonannoii B YyCJOBHH TeOpeMbi 3) He MOKeT ObITb yuJyullena 
BBEJCHHEM KakOli-u60 TpeTbeli (byHKUMN Bua P,2. B camom jeue, Meer 
‘MecTO cylefyloujee pes orKenne: 

Teopema 4. /Tycme P — epynna, onpedereHHan 6 YCAaoceuu meopemol 3, 

u N,—4ucao nodepynn nopadxa p* epynno P (O<a Be Ecau d,=-n — 
” +1 u 6 6oabwe Kaxcdoe0 u3 4uucea dy u n—a--1, mo Hu npu KaKom 
LHe moowem umemo mecmo cpaenenue Nog = q;,.(mod p’). 


i Onupasch Ha Teopemy 3, MO2XKHO JlOKa3aTb TaKHe TeOpeMBI: 


* Teopema 5. //ycme P —a6eresa epynna nopsdKa p” muna {dj, do, ds}, 
mak umo n=d,+d,-+d3. Yucao nodepynn nopsdKxa p* (O<a<n) epyn- 
not P cpaeHumo c Parton, a no moOyato p°, ede 6—HauUMeNbIUee UB 4UCeA 
@,+d.—1 u n—a+t |] 
® Teopema 6. Hycme a aaiees epynna nopsdKa p" muna i fds, ds, dy, da}> 
mak «mo n= 2d, + d; -+- dy. Yucao nodepynn nopadKka p* (0O<a<n) epyn- 
not P cpaenumo c Eee « fo modyno p®, 20e S—HAUMeHbIUee UZ 4UCe A 
(2d, + ds; —2 un—at l 
Teopema 7. /lycmo P — adeneea epynna nopsxdKa p" muna {dy, de, ds, a4}, 
nak umo n = d, + d,-+ dz + dy. Yucao nodepynn nopadka p* (O<a<d, + 2) 
py nnol P cpaBHUMO C Pa,ta—1, « NO MOOYAtO p", 20e G — HaumeNbWee UZ 4UCeA 
id, +d,—1 un—atl. 
 Cnenyer ormetHtTb, uTO np WOKasaTeNLCTBe MOCNeAHUX TeOpeM NpHXOsUT- 
e MpeofosesaTh OobuIHe H BCe BOspacTaiollHe TeXHHYeCKHe TpyAHOCTH, 
aK 4TO BbIBOL KaxKMOrO u3 STHX npefwowKeHHH 3aHHMaeT MHOFO CTpaHHl. 
-C ypyrot cTopoubi, AcHO, YTO MOXKHO CPOPMyJIHPOBaTb NpesnoxenHe Souee 
mero XapakTepa, OTHOCAIeecH kK MOOOK adeneBoli rpymne, XOTH AIA BEIBOMAa 
n WUINOCh Obl NMpeososeTh BeCbMa OowbuIMe saTpyqnenus. Peub upeT o cae- 
wOIleM T1peAMOMaraeMOM pe3yabTaTe: 


Ilycme P — a6eneea epynna nopadka p" u muna (dy, de, .. ., Ar, An44,...,ds}, 


q Teopema 3. [lycms P — abeaesa epynna nopadKa p” muna {d,,do,... 
, 


| LPuULeM ds = ds =a dp = dy u hts < d, (max RAK) 1 kd, i oi; d,) 
! j i=k+1 
2 007 


(l<k<s). Yucao nodepynn nopadKa p* (0 <a <n) epynnet P cpasKumo 
R41 


C QPdta—-1,¢ MO modyAIO p°, 20@ S6—HalUmenoWee u3 4uUCcer MS d;—ku 


i=1 
n—a-+l. 

Herpyfuo BufeTb, TO Teopempt 5, 6 u 7 mpegctaBisioT coboh uacTHbIit 
culyyal MpHBefeHHOrO TOJIbKO 4TO Npeqwowenun. Jlerko NoKa3aTb, UCNOMb3ys 


TEOpeMy 2, ETO TEOPeMa 3 TakxKe SABIAeTCH WaCTHbIM cyyaemMm TrocweqHero, 
WaNe€KO HAYVIETO Pe3yJIbTaTa. 


Tlocrynuio 
22 1X 1960 


UWUMTHPOBAHHAA JIMNTEPATYPA 
1 TI. E. 110610 k, Hap. AH CCCP, cep. matem., 12, Ne 4, 351 (1948). 
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Jloxknann Akagqemun nayk CCCP 
r 1961. Tom 137, Ne 3 


MATEMATHKA 


H. B. E®HMOB u 9. T. NMOSHAK 


| OBOBLITEHHE TEOPEMbI THJIbBBEPTA O MOBEPXHOCTSAX 
| NOCTOAHHOM OTPHILATEJIBHOK KPHBH3HbI 
| Br 


(ITpedcmaeneno axademukom IT. C. Aanexcaxdposoim 26 X 1960) 


1. Hyctb A—BymMepHoe ofHocBxa3HOe MHOrooOpasue, Ha KOTOPOM 
\3afaHbl KOOPAHHATEI (U,V) HM YTayccoBa MeTpuka ds” c Kosppunnentamu 
E, F,G@C*t(u,v). Ms ropopym, uro A peryaapHo nNorpyxeHO 
5 TpeXMepHoe 2BKJHOBO Mpocrpaucrso F3; ecm JaHbl TpH dyHKUMH 
L, M, N €C? (u,v), KoToppie B KavecTBe KosbUNHeEHTOB BTOPOH KBajlpaTuy- 
HOli (OPMbI MOBePXHOCTH YOBeTBOPAIOT Ha BCeM A OCHOBHBIIM ypaBHeHHaM 
“TeOpHH TMOBepXHOCTeH C JaHHbIM ds*. OOo3HauuM uepes K rayccoBy KpHBu3Hy 


-9nemeuta ds?; cuvtan K <0, nonoxum k? = — K. Hycrp nwa A coOmogawres 
_HepaBeHcTBa 

Bae Shee | Wie | te ae ! 
. a | eRe ee kee a a 


“rie k’ —npouspofuad lo moG6omMy HanpaBseHui0; BTOpad MpousBosHas GOeper- 
‘ca nO Ayre Npon3BONbHON reofesnueckoh; A wu A — nonowKUTeMbHbIe NOCTOAH- 
-HBIe. 
® Teopema A. Ecau 
i Ae PRE, 
’ A2 3 ait (2) 
: ‘uw ecau A c Oanxolm ds? seasemca noanelm mempuuecKkum npocmparicmeom, 
: mo A He OonycKkaem peeyasrpHoeo noepyoceHua 6 Es. 
Ilpumep. 


2 


/ 2 2 
ds? = du? + \ ch + ut -hasin uw} dv®; 

“Mp AOcTaTOuHO MaJioM a Bina dns Bce yCsIOBHA Teopemp! A. 

Teopema B. B E3 nesosmootHa noaHan peeyAApHaA nosepxnocmo, 
2ayccoea KpueusHa KOMOpoli OMpuYyamenona u yOoBAemMBopsnem YCaocguAaAmM (1), (2). 

Teopema B caeqyeT U3 TeOpeMbl A. Ouespuyuo, Teopema B BksuouaeT Kak 
-uacrubit cryuaili M3BeCTHY!O TeopeMy Tusb6epta O MOBepXHOCTAX MOCTOAH- 
HOH OTPHWaTebHOH KPHBU3HBI. 
' n° 2. Uro6pnl moKasaTb tTeopemy A oT mporTuBHoro, jonycTuM, uTto A 
| peryapHo morpyxeno B F3; Torya Ha A ompeyensetcs OKatbHO perysap- 
Has acumltToTHyeckad cetb. Ilycrb (u,v)— AOKabHble acHMITOTHYeCKNe 
“KOopfuHaTn! (ceMelitrBo v= const CuHTaeM MepBbIM); $1, Ss — HaTypaJIbHbIe 
_TlapaMeTpb! ACHMITOTHYeECKHX; @ — yrOJl Mex*KAY acuMNTOTHYeCKHMH, 0O< ON. 


ee Se ee 


JIemmMa 1. Mxooxecmeo snauenutt \ sin o ds no coeokynHocmu ecex acuMN- 


HoKxa3aTesbCTBO OCHOBaHO Ha (PopMyvax: 


; 

‘ 

L 
momuueckux Oye L ne moxcem Oolmo O2paHu4eHHolm. 
. din (ek) _ aQ Gin (chi ae 0 


@ ~ = 
ar == Sin) ast ' as sin @ a6 : (3) 
ee ate AQ 1 dw dQ 
it eos +r sin @ 3 ary bea ear tal a, ‘ (4) 


~ * 
roe e* = E, g? =G B acummtoTuyeckux KoopyuHatax; Q=1/.Ink; 0/0s,, 
* 
0 / 0s, — CMMBOJIbl QudpepeniMpoBaHHA 0 HallpaBseHHAM, OpTOTrOHaJIbHbIM 
K aCHMMTOTHUeCKHM; 1/p,, 1/p.—reoqesHyecKHe KPHBU3HbI ACHMNTOTHUECKHX. 


M3 cootuomenni (3), (4) u 43 mpeqnonomwennsa | sinods <C = const 
ry 

culelyeT, YTO Kaxkaq acCHMMTOTHYeCKaA OAHOrO CeMelicTBa MepeceKaeT Kax]yI0 
aCHMNTOTHYeCKyIO Apyroro, HM 3aTeM NoJyyaeTcsd MpoTuBopeyne c copmysoli 
Taycca — Bonne. 

n° 3. [meer mecto mpejioxkeHne, BhICKa3aHHOe B OOuMXx yeptax H. B. Ecu- 
MOBbIM B 3aMeTKe (1), KOTOpoe NOAPOOHO (bopMyMpyetces Cle AyIOULUM O6pasom. 

Ilycmb ; 


2 (4hA* — 3) 42 
0<6<s@ar—y M=z(y—!)A. 3) 


Ecau Ha wHekomopcti acumnmomuueckoti natidemca Oyea L, no Komopoti 
\sinwds>M, mo Oaa maxkoti acumnmomuueckoli npu HeKomopom e>0 


L 
HEGOSMOHCHA &-NoAoca, € = €(h, A,d), noduuHennaa ycaoeunm (1), (2). 


Orcioja 4 43 JemMbI 1 cyleqyer Teopema A. 


n? 4, Jlanee coo6maotTcsh OCHOBHBIe 3TaIbl WOKasaTenperba yTBepxK le- 
Hua n° 3. ITlonoxwxum 


y = ts / 0@ me OQ 
U.= kh ( a —sino 5). 


JlemMa 2. Ecau | sin ods > M na xekomopoti Oyze L emopoeo cemeticmea 
ri 
acumnmomuueckux, mo Ka L naidemca mouxa, 2de |U|>(?/,—6)hA. 
JLoka3saTeJbCTBO MoOyyaeTcH OT MpOoTHBHOTO ¢ MOMOILbIO ypaBue- 
Hua (1) Hamed sameTKu (*), BcmeqcTBHe KOTOporo 


aU 3 é 
te > Yo ag LU Ih sin o. 


JIemma 3. Ecau xa acumnmomuueckoti emopoeo cemeticmea 20e-nu6ydo 
|\U|>(?/,—6)hA, mo 6 Hekomopoti e-noaoce makoti acumnmomuueckoii 
Haldemca mouka, ede |U| > */hA; &€ = &(h, A, 6). 

JLokasateaberso. Ilycrb ycnopne meMMbI co6stofaetca B HEKOTOPOH — 
Touke O H, CleqoBaTebHO, Ha HEKOTOPOM oTpeske OP nepsoli acummnToTH- 
yecko. [Ipopeyem yepes Bce ToukH OP acummtToTuyeckHe BTOporo ceMelicTBa 
B MOJIOXKUTEBHOM HallpaBsIeHHu 3TOrTO cemelicTBa, cuntat U>0O wna OP 
(B IPpOTHBHOM CJlydae H3MeHHM OpHeHTaHH BCeX ACHMMTOTHYeCKHX; ycJOBHA 
OpHeHTalHH CM. B 3aMeTKe (*)). OGjlacTb, 3aHATYIO MIpOBeMeHHbIMH aecHMIITO- 
THYCCKHMH, O6O3HayMM Yepes &. IIpennonowxum U <?/,hA soony BQ. Moxem 
cuntatb ek = 1 na OP. V3 ypapnenna (III) 3amerku (2) umeem 


aa {(ek)? U} > h (ek) sin o; (6) 
BCJleAcTBHe (3) 


) 2 0 (ek)? 
i tek) Uy > Sad SR (7) 
Muterpupys (6) u (7), Hatigzem: 
(ek)? > 25 * > 0; (8) 
A" (ck)? SO > (ok)* [2 ha — A] — ona. (9) 
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M3 (9) c yuetom (8) nu (5) uMeem seiony B 2 
Kee = N,= const > 0. (10) 


Ilyctb OT — acumntornueckan BToporo cemeiictpa, uazyujan BQ u3 O; 
cjleqcTBHe O<C m<m u BenegcTBHe (10) Kaman acuMITOTHYeCKas TepBoro 
eMeHCTBa, KOTOpadH HyeT B OONacTb (2 U3 smMOOO TouKH OT, nepecekaeT 
axkKiyio Npoxozaulyio B @ acumnToTHyeckyi0 BToporo ceMelictBa. Ilostomy 
sce «TOUKH {2 MOMKHO OMHO3HAYHO ONPeseNATb KOOPAHHATAaMH (U,V), THe u 
M U— OfHO3SHAYHbIe KOOPAMHATHI Ha OTpe3sKe OP u Ha syue OT; B uacTHOCTH, 
==) (il, U). 

13 (10) 


0 
= > (ek) Ni. (11) 


ycetb O,P; (uy Su < uy) — Kakol-HHOyAb OTPe30K, NexKaulA cTporo BHYTPH 
OP; O,T,— acummtoruyeckad BToporo cemelictpa, usymant BQ “3 O;; 
2, —oOmacTbh (uy) u< uy, v > 0). V3 (11) uw (8) umeem B Q, 

1 (ese +? ess S 


sino > m= const > 0. (12) 


Ecau sy; — AunHa fyru, KoTopy1 BbipesaeT 2, Ha KaKOH-HHOy—b acuMl- 
TOTHYeCKOH TepBoro cemelicTBa, TO 

uy 

: “ . 
s, =\ e(u, v) du< Sit (13) 


Uo 


1/, 
Mbt MoxweM cuntTaTb, uTO gk’*=1 Ha O,T;; Torga u3 (3) u (13) uMeem 
Ha Q, 
GO pt ie Lid Gout (14) 


IlycerTb E, (uw)— MHO*KeCTBO TOUeK UE [U,y, Uy], Te pH JaHHOM v> >O 6yneT 
ve (u,v) Rk(u,v) >a/N, (a =const >0). H3 (11) Haxonqum mes E; (u )<afa. 
CreloBatesbHo, pH wO60M vO, cuHTad & ocTaTOUHO OOJIbIIMM, ’ HMeeM 


Biqgo no 
2— 36 LC o 
Pe cela k ae, 


LEE, (u) = [u,, U1] — E,(u), mesE, (u) > (uy — uy) — 
V3 ypapuenusa (II) 3amerku (7) c yyetom (12) 
2 ¢(ek)® U} > hm (ek)? k’. 
S2 
Orciona, ecun wEE,(u), TO 
1 


Beas ya R = const, 


» 2 hm(2Y)\( \ ek)®k'*ds, —R. 
0 
IlpuHumas Bo BHuManue (14) u (8), Halifem 


\ (ek)® k'* ds. = \ (ek)? gk’? do > eI es v 
0 


0 


_—_-eeEO se ee ee 


Ecau o& = 20 /(u;—u,), To mes Ey (u) >*/2(uy— Uy), Oo / Ou > dv — R, 
.=const >0, uwGE,(u). CaefopateibHo, pH focTaTouHO OOJbuIOM Vv 
6yneT Ow/Ou > 2n/(u;—uU,), UEE,(u), YO TpoTuBopeywuT  ycsoButo 
Ean ie Tem caMbIM mpemmonomKenne U <?/,hA DomKHO ObiITb OTBEPrHyTO. 


of4 


JlemMa 4. Ecau na acumnmomu4eckou emopoz0 cemeuicméa, 20e-Hubydo 
{|U|>?/shA, mo dan maKkol acumnmomu4eckod npu HeKomopom & >0 He- 
B03MONCHA E-NOACCA, YOoBAemsopsOlaA ycaosuAM (1), (2); € =e (h, A). 

Moka3zateabcTsBo. CoxpaHnM npelpilyune ooosHaueHHa 1 yonyctuM, 
yto U'>(?/,+6)hA wa OP; tTenepb BaxHo TompKo, uTo 6 = const > 0. 
AnasornyHo (9) Hatem 


k* (e hy > (ek)? [A A—5q|+ 6nd. (15) 


Orcioza Ow / 0s; > Ny = const > 0 4 coxpaHawrTcs BHIBOJBI, CeaHHbie B pe- 
JibILyuleM WOKasaTespcTBe H3 (10). Satem u3 (15) wmMeem 


© S (ek) Ni + ap Ne (Ny, No = const > 0). (16) 
M3 (16) caenytot (13) u (14). Wa (16) cnenyer Taxxe, uTo 
Ne 
V @<e, v)k(u, v) << i 


u€E,(u), rye E,(u)—HeKOTOpoe MHOKeCTBO OTPe3sKa [U,, Uy], Mepa KOTO- 

poro > (u;— u,) — 2n/a (a — JocTaTouHoO Gomputoe yuc0 > 0). Tlocne storo 

JOKa3saTeIbCTBO 3aBepwiaeTCA B OOWLEM aHANOrHYHO JOKa3aTeIbCTBY JIEMMBI 3 

ne c npuBeveHHeM Teopemp! DyOuHH ANA JeKapTOBa MpAMOYrOJIbHUKa 
Ku<Kuy, Ov < const). 


MockosckHit rocyapcTBeHHBIH YHHBepcHTeT Tlocrynu10 
um. M. B. JlomoHocosa 25 X 1960 


IMTHPOBAHHAA JIMTEPATYPA 


1H. B. E@umos, JAH, 136, Ne 6(1961), 7H. B. Epumos, 3. I Towa 
Hak, JAH, 1387, Ne | (1961). 
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Horaagap AkagqemMuun nayk CCCP 
1961. Tom 137, Ne 3 


MATEMATHKA 


A. A. KAPALLYBA 


OWEHKH TPHTOHOMETPHYECKHX CYMM OCOBOTO BUJIA 
MW UX MPHJIOKEHHA 


(I1pedcmaeaeno axademuxom H. M. Buxoepadoeoim 29 X 1960) 


PaccmMoTpuM TpHroHoMeTpH4eckyloO’ CyMMY 


a,x ag (op oh 
Nm vost/e ete i eae 
Bee 2 Ft r) (1) 

rt 
Renew p) = live 1, 2,6.0,70 
j Teopema 1. /Tycme S —cymma euda (1), p< N<p", log pn? log? n. 
f Toeda umeem mecmo nepabencmeo 
. 


Co 
el 
|S|<c,N iy 


, 
 20€ Cy, Ce — abcoatomHole KONCMaNmal. 

. IIpu foKkaszaTembcTBe 3TOH TeOpeMbI HCMOb3yeTCA TeopeMa oO Soonrey 
HW. °M. Buxorpanosa (+), wemma | pa6otpi (7) H ocoObli Buy cymMMbI (1) (cy 


_ WLeCTBeEHHO Oe ie HECKOJIBKHMH KkosddulveHTamu MuHOrouseHa | (x oi 


aft 
a4Xx Agx” 


=—+ ai +. = =). TpHroHoMeTpHyueckHe CyMMbI BHjla (1) BeTpéua1oTcA 
B renok L-ps 0B pins Hi HEKOTOPbIX JPyrHX TeOPeTHKO-YHCJIOBLIX BO- 
" mpocax. 


V3 teopempr | u pesyaptatop A. I. IlocrnuKosa (*) B L-pagax Jupuxse 
Jerko cueqyer Teopema: 

Teopema 2. Ilycmp y, (k) — nepeoo6pasHolli xapakmep no modyato D = p", 
p—npocmoe >2 u log pn? log? n. 


Toeda, o60snauaa uepes Sy cymMMy >) (Rk), umeem 


EP A aT A NE WN 


Re=] 
fiom ecau N < p?; 
|Sv|< 1— ns 
C3N 20h p= N = OF 


20€ C3, Cy— AOcoMoMHble KOHCMAaNMoL. 

Jlanee OObIUHBIM TlyTeM Noslyuaem Teopemy: 

Teopema 3. ITycmo n? log n<logp<n®, ¥ (k) — nepeoobpasnol xa- 
paxmep no modyawo D = p", p—npocmoe > 2. 
Toeda L(s, x) He Umeem HyAeu 6 OOAaCMU 


Simca ates ay eget 


log? +1 D 


' 20€ C; — KONCMaHNma. 
o138 


Cuegctsue. ITycmo &—npouseorobHo mMaAaAh noAOHUMeABHAA BeAU- 
auna u n* log?n< log p< n2+*, 
Toeda L(s, xy) He umeem Hyaeti @ OO2acmUu 


1 
ee 6 Se 
|s| LCs; 56> l log’ tp 
JIyuluHM pe3yJIbTaTOM, KOTOPbIN Obi] NOMyyYeH paHbie B TeOpHH Hyser 
L-pajop Jlupuxse, spaserca cuenyromnli (cm. (*)): ecu © — NpOH3BObHO 


€ 
: n 
MaJland MOJIOKUTeMbHAA BesMUnHA H log p< To L(s, x) He wMeeT Hy- 
og ‘4*n 


Jel B oOnacTH |s|<c;, 6 > 1— . Teopema 2 yslyumlaeT Takxxe CcOo- 


log /#t£D 

OTBETCTBYIOULMH pesybTaT padoTpi (°). 
Bpipaxaio OylaroqapHocTtb MoemMy pyKopoyzuTemio H. M. Kopodosy 3a 

OONbINYIO TOMOULb, OKA3aHHYIO MHe IPH BbINOMHeEHHH 32TOH paodoTH. 


MockosckHH rocyapcTBeHHbIii yHHBepcHTer Tocrynuso 
um. M. B. Jlomonocosa 27 X 1960 
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Jloxnayn Akafwemun nayk CCCP 
1961. Tom 137, Ne 3 


_MATEMATHKA 


H. B. MAPUEHKO 


CYLMECTBOBAHHE PEWEHHH Y HEKOTOPOLO KJIACCA 
HEJIMHEWHbIX HHTEFPAJIbHbIX YPABHEHUMM 


(II pedcmaeaeno axademuxom H. I. Ilempoeckum 27 X 1960) 


PacemaTpupaetca ypaBHenne 


1 
g(x) =\K Ix, y, eWay, (1) 


upuuem byukunsa K (x, y, z) onpefzeneHa HOO Ha MHOxKecTBe P(A, B), mH60 
a Pap, Tae P(A, B) onpefensetcn nepapenctBamu: OSM x¥ <1, OS y<l, 


4 
\ 


(A<z<_B, a Pag—Hnuepaseuctsamy: OS x <1, OS y<1l,—w<c AX 
QZ BC+ ow. 
( YpaspuenHe (1) Ha3opem M-pa3spelluMbIM, eCJIH OHO MMeeT peuleHne 
/M cyulecTByioT KoHcTaHTH! C, D(A <C<D<B) takue, uTo ecnn p(x) — 
Bino6oe ero peuienue, TO C< g(x)< Dupuy O<cre<l. 
! B HacTosielH 3aMeTKe faeTCH HeECKOJbKO MOCTATOUHBIX YCOBHH AA 
_M-paspeummoctu ypapnenna (1). JloKagaTembcTBa 9THX YCOBHH OCHOBAaHbI 
Ha ufeax pa6otni (*). 
JIlemMa 1. IIycmo gdynxyua K(x, y, Zz) Henpepoiena Ha Pap, PyAnKyuU 
Kn (x, y, Z) cxodamca K Heti pagHomepno na Pap u ypaenenue (x) = 
1 


= \Kr [x, y, p(y)| dy umeem pewenue npu awbom n. Toeda u ypaenenue (1) 


0 
| umeem peuleHue. 
_ Tlyerb /—ennunsnpi KBagypaT OSWx<1, OSy<1 MuocKoc™ x, y. 
Ilyctb Q(A, B) u Qazp—MHOweCTBA TOUeK MIOCKOCTH Y, Z, 3aJaHHble He- 
papenctpamy O<y<1, A<z<B, nOKy<l, —wcAKz<gB<+o00 
cootpetcTBeHHo. Ilycth Aj’ —MuorKecTBO TOUeK OCH x, 3afaHHoe HepaBeH- 
<a aol DpH. t == ft. 
Hasopem dynxunio K (x,y,z) cTymenyaToH Ha MHOKecTBe P 
npoctpaucrTsa (Xx, y, Z), CH OHA HeMpepbiBHa MO MepeMeHHbIM y, Z Ha P 
uecan K (x, y, 2) = K (—*,y, z) Tipu, x GA. ta de, A SU ee ee. 
Jlemma 2. ITycmo dynxyuan K (x, y, z) —cmynenuaman na Pap, PynK- 
yun f(y, Z) Henpepoiena Ha Qap, 


ik 1 
[4—\tw, Ayay|-[B—lity, B)dy] <0, 
0 0 
K* (x, y, 2) =(1—2) K (x, y, 2) + tf (y, 2) 

pu {x, y, Z}€ Pap, OX<t<1. Toeda, ecau atw6oe peuienue p(x) ypaeHenua 
i 


p(x) =\K'i tx, 9, oy)ldy (2) 


0 


i—1 i r n— 
ETBOM —— = ti < — lpu i <m WU HepaBeHCTBOM 


d1a 


yoosremeopsem Hepasexcmey A < p(x)<B, mo ypaenenue (2) umeem petue- 
Hue npu sawbom OS t<1 

Ilycrp dynuxuna K(x, y, 2) onpeqenena Ha P(—oo, + co). Honoxum 
npu z>0 


K.(2)-= sup yA 2) ine aa eee eee 


JiemMa 3. /Iycme npu z>0 dynkyusa g(z)>0 u Tigi as 1. Toeda 


naudymca makue Koxcmanmot C, D (—oc <C<D< + 00), umo Oana abot 
ynkyuu K (x, y, 2), onpederennoti Ha P(—oo, +00) u maxoti, amo npu 
z>0 K(z)<g(z), swb60e pewenue p(x) ypasHenua (1) yOoenemeopsem 
Hepabexcmey C. = (x) 
JoKa3saTeAbcTBO. Jlonycrum, 4YTO JIeMMa HeBepHa. Torga HaliytTcs 

1 


Takve (yHKUAH @, (x) = \Kn [x, y, On (y)] dy, rae bynKuun Ky, (x, y, 2) yHoB- 
0 

JIETBOPAIOT YCJIOBHAM JIEMMBI, YTO, NONOKUB My, = sup|@,(x)|, MbI MOmyyaem 

lim Mx= +00, Tax KaK (Mn) >Kn(Mn)>|Kalt, 9, Qa(y)l| pH 


{x, y}El, n=1, 2,..., TO WA NocmeqoBaTenbuHocTH {C,} TakoH, uTO | p(Cn)| > 
n—M,/n, u3 (1) MoxwemM HanucaTb 


1 
V Ky (n> Pn (YD dy \IK, [En» ¥> , (y)] | dy 
ba? =< ° 


P (Cp) 1 Py En) | 


g(M,) 
SM, (4 —1/n)’ 


>= 


oTkyfa, B cusy ycnosua lim gl BS) <1, nojyyaem MpoTHBopeyne. 


z—>-f00 


JlemMa 4. I7ycmo @yxkyua K (x, y, 2) —cmynexuamaa Ha P (—oo, + 0) 
u lim 4 A <1, Toeda ypaeHenue (1) M-paspeuumo. 


z-+00 
A Mae Ilycrp K* (x,y,z) =(1—?t)K (x,y,z) + tK (0, y, z) 
pH {X, y,z}€P(—oo, +00), O<¢t<1. Torga K’ (z)< K (2), upn 25> 0,0<2 
<t< 1. Ilo nemme 3 cyuiectByioT Takne KoucTauTbI C, D (—o <C<D<-+- 00), 
yTO su060e pemeHHe (x) ypaBHeHHa (2) yyoBNeTBOpseT HepaBeHCTBY 
C<g(x)<D unpx OS x<l, O<t< 1. Hcnonpsya ag ERS lim a =< iy 
Loo 


NoJLy 4aeM 
1 1 
ic—\K(o, y, C) dy| <0, jD—\K(o, y, D) dy| > 0. 
0 0 


IIpumeusa semMy 2 xk (2), Momyyaem tTpeOyemoe, Tak Kak mpu t=O 
(2) oGpamaetcs B (1). 

1 Bg pema J. Hycmbo @yxnkyusn K (x y, 2) Henpepoiena Ha P(— oo, + 0) 
u lim * 2) <1. Toeda ypaenenue (1) M-paspeuumo. 


2+ +00 


; | 
Tota Tlyctrp K”™ (x,y 2) =K(=, 2) mupH xe€A,, 


i=1,2,...,m, {x, y, Z}€P(—oo, + 0). Synxuun K(x, y, z) cxomatca 


K K (x, y, s paBHOMepHo Ha 060M Pcp u K™"(z)<K(z) mpu z>0, 
n= ee 


Ucnomaya NOceOBaTebHO JIeMMbI4, 3, 1, NOmyyaem M-paspemmMMoctTh 
ypaBuenns (1). 


Ilycrb dbynkuns f (y,z)>>0 u nenpeppipya wa Q(0, + 00). Monoaum 


f(z) = sup 
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(Y, 2) 
Zz 


mpy Omy<l, f (2) = inf Le) mpy O<y< 1. Cxaxem, 


‘4aTO (pynkuna f(y,z) oo, %-orpaHuueHna, ecu smH60 lim f (2) soe — 
Hi te 2) ><, J1H60 lim F(@) > g, — H Jim FA<s, lipHyem yok hae 

nwa 5. ITycmo gynxyun a z) em O,-Oepanuuena. Toeda natidym- 
cA makue Konucmanma C,D(0O<C<D<+ 00), umo Onn atmbol pyunyun 
K (Xx, y, 2), onpederennoti Ha P (0,+ co) u makoli, amo anf (y, 2) << K (x, y,2)< 


Koy f(y, 2) npu {x, y, z}EP(0, ct 00), m060e pemenue (x) ypasnenua (1) 
Be pepprem Hepasencmey C< p(x) < me 


Wokxa3zatTenapcrso, Ilycrh g(x) = Kew y, p(y)}dy, rae dynKunsa 


i (xX, Yf, '2) es ee Uogu ay neMMEt. Torna 


1 
a\tly g(yldy < JK is 49 Nay < aa Fy 9 (uy dy (3) 
Honyer, 4TO JIeEMMa Avene Tora Haliqytca Takue PyHKWHH @, (x) = 
= \ Kats Y, Pn(y)], Tae ynKunH K,(x, y,Z) YoBneTBopstoT ycuOBiaM 


Plemur, yTo ecuw M, = sup @,(x), a m, = inf @a(x), TO nH60 lim M, = +00, 
. : : 


n—»-+oo 


au6o lim m, =Q. Orpanuyumces cnyyaem lim M, = + oo, 
n—>--oo n->-+-0o 
M3 (3) umMeem aie Mp = + co. Hyctb oi f(z) >. Torga a mo- 


eee uocrit Ld TaKOH, 4TO io ee Hucnowp3syA (1), (3) 
4 HempeppiBHocth f(y, Zz), moswyyaem 


1 if 
J Kn (a ¥ Pn (y)] dy \ Flys Pn W)I ay fia) 
0 0 n 
P (Cy) m,+m,/n ~ 14(14+14/n)m, 
mre 0S 4Y,<1, mMa<zn<Ma, oTKyga, yuuTetBpan lim z,;= + co 


n—>-+-oo 


x lim Ha> sz, llosyyaem mporupopeuve. B cayuae lim iia Gepem 
eel. 5 Toe zoo 2 


i zoo 

» B KauectTBe {C,} Taky!l0 MocuesoBaTesbHOCTb, 4TO @ (Cn) > M,z— M,/n; janp- 

 HelIwe paccy2xKeHHA aHaJIOrH4yHbl. 

_ Jlemma 6. [Tycmo gynxyua K (x, y, 2)—cmynenuamaa na P (0, + oc) 
pu af (y, 2) <K (x, y, 2) Goof (y, z) npu {x,y,z}EP(0, + 00), ede hynxyua 

f(y, Z)o%, O-0epanusena. Toeda ypaexenue (1) M-paspewumo. 

- Teopema 2. ITycme dyaxyua K(x, y, 2) nenpepoiena na P(0, + oo) 

1 u of (y, 2)<K (x, Y, 2) oof (y, 2) npu {x, y, 2}€P (0, + 00), ede hynkyua 

P(y, Z)  o%40%.-oepanusena. Toeda ypaenenue (1) M-paspeutumo. 

JlemmMa 6 uw TeopemMa 2 foKa3biBaloTCA aHasIOrH4HO JIeMMe 4 H Teopeme 1, 
TOJIbKO BMeCTO JIEMMbI 3 HCHOMD3yeTCA JeMMa 5. 

Ecau B ypaBuenuu (1) K (x, y, z) = K(x, y)f(y, z), To nmoswyyaem ypas- 

 -HeHHe es 

nh 


p(x) = \ K(x, y) Fly, e(yidy, (4) 


yu u3 Teopempl 2 cylehyeT Teopema 3. 
Teopema 3. JTycmo gynkyua K (x, 4) pila Ha I, dyxKyua 


Ui (y, 2) Henpepoiena na Q (0, + 00) u Jimk & <1, ede K =sup |K (x, y)|, 
{*, yyEl 
ei) sup jf (y,t)|. Toeda 1 on (4) M-pa3pewumo. 
{4, TYE 


—2,2 


Jlanpuie 413 Teopempl 3 upu f(y, z) = z* caenyer: 
Teopema 4. ITycmo qgynkyua K(x, y)>>0 u Henpepoiena Ha 1. Toeda 
ypaeHeHnue 


)=\K( x, y) @* (y) dy (5) 


npua==1 M-paspeuwumo. 

SameTuM, 4¥TO npH a= 1 (5) ecTb ypaBHeHHue DpezronbMa 2-ro poga u 
MO)KeET KaK HMeTb, TaK H HE HMETb PellleHHA MpH ycsoBuaAX Teopembl 4. Tipu 
—1<a<(l1 ypaBHenne uMeeT eAHHCTBeEHHOe pellieHHe @(x), mpHyem @(x) = 
= lim @n{x), rae Py (x) — m00axn NONO*KUTeNbHaN, HeNpepbiBHan mpHO<x < } 

noo 


1 1 


YHKUNA, a Pnty(X) = aT (x i[\x (x, y) Gn (Y) dy |" *. StoTt (akT oKa3an 


A. C. Kpoxnpojom mpn —1 and, IIpu |a|>1 aaa Kaxwkgoro & MO*KHO 
HaHTH OeckOHeyHO Hdepenwupyemyto dyHKunio K(x, y) Taky!o, 4TOObI 
ypapHenne (5) wMesO MO Kpalineli Mepe 3 pellenus. 


Tloctynnio 
6 X 1960 


IHMTHPOBAHHAH JIMNTEPATYPA 
1K. JIepau, 1O. Waygep, YMH, 1, B. 3—4 (13—14), 23 (1943. 
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Woxkaagn Akagqemunu nayk CCCP 
1961. Tom 137, Ne 3 


MATEMATHKA 


B. C. MATSTHH 
AMEPHbIE UWIKAJIbI PHCCA 


(I1pedcmaeaexo axademuxom I]. C. Aaekcaxdpoeum 26 X 1960) 


B Hacrosuleli 3aMeTKe H3y4aeTCA OHH CHellHasibHbIlt Kacc epHbIx 
MIpOcTpaHcTsB; Mbl Ha3biBaeM HX WeHTPpaMH (KOMNeHTPaMHU) WKad 
Pucca. Ha mbicib 0 eCTeCTBEHHOCTH BbIAeIeHHA STOTO Ksacca Hac HaBeJH, 
. OMHOH cTopoHb, padoTs C. IT. Kpeiina (#3) u, c azpyroii — padorbi 
: ‘e Aparnnesa (4%). 

. CemelicTBo OaHaXxOBbIx mpoctpaucts Ey, — oo CVaQa A< 00, Ha- 
30BeM, Cylenys (7), HOPMAABHOK wkKawson, eciu: 1) npuo a<B PY sent 2 
MWOTHO B HeM; 2) Ana Bcex x€Eg npHh a<B |x|, sBaaetcs MOHOTOHHO 


Bospactarowlei HenpepbiIBHOH NorapHdmMuyecKH BBbITyKIOH dyHKunelH Napa- 
Metpa o. IIpnpenem npumep (cm. ('), crp. 491, mpumep 1). 

. {Ipumep 1. Hyctb H —runpOeptoso npoctpanctBo uw A — noJOx*KUTeIb- 
‘bli onepatop B H 6e3 HyseBbIx BeKTOpos, || A||< 1. CemelicTBo cKanApHbIx 


on 


Tpouspepenuit (x, y)y—=(A “x, A “y) nopomgaeT HOpMabHyto wkany {H,} 
unpOepTosnix mpocrpaucts H,z, —co<a<oo, H,=H. Taxyw wikauy, 
‘Cnenys (*), Ha30Bem ruabOepTOBOH mKaANON. 

' IWlapy vopmManpupix wkan (£,, Fs) Ha30BemM pucCcCOBCKOH, ecaH IA 
poooro onepatopa Té€L(E,,, Fs,) (| L(E«,, Fs,) MO%KHO YTBepxaTb, TO: 


) TEL(E., Fe), rie aes = ga» (ay) (01 — a) <0; 2) log|T I, 5 


%—d1 B2—Bi 
@CTb BHINyKIad PyHKWHA . *, 
| Jlemma 1. Ecau napa (E,, Eg) puccoeckan u 6uopmoeoHaabHaa cucmema 
{Xn, Xp} ABARemcA (OesycaceHoim) Oa3sucom 6 Eq u 6 Ey oOnoepemenHo, mo 
Bx; Xn} OyOem (G6e3ycaoeHoim) Oasucom u 60 ecex Ey, ALAA **, 

_ HopmManpuyro uiKkany {F£,} Ha30pemM wkanoh Pucca, ecu ABAAWTCH 
PuccoBcKHMH Nappi (Lz, Fg), (Ex, Hs) u (Hp, Ex), roe {Hg} — mo6an runp- 
‘OepTopa wkasa. M3 onpelenenHHli HenmocpexcCTBeHHO BBbITeKalOT cCJleyIouHe 
“TipeqomKenns. 
pennowenue 1. Beakan wKana Pucca euavbdepmosolx npocmparcme 
(H,} AgAAemCcA eulavobepmosoli WiKaAOLi, npurem, ecAu xomsA Oot OANA OOHOL 
MAPbl WHOEKCOB ob, < o, Brhomenue H,,—>H., enoANe NeNnpepbleHo, mo Onepa- 
mop A, nopostOarwull wKaAy, BnOAKe HenNpepoleeH. 
IIpexmomwennue 2. Ecau onepamop A, nopostdatouut euaobdepmoey 
WikKaAYy, 6noAKe HenpepolBen, mo cywecmeyem oOWuWUtL (OPMOOHAAbNbIli) OasUc 
JAX npocmpancme H, wKarbl. 
_ Paccyxaa kak B (“), Tomyuaem: 

Tipennoxennue 3. Iycmb napa (Ez, Hg) puccoeckan u Hg — euavbep- 


6 


impu ecex a, (& —a,) (a — 2) <0. Ananoeuunoe ymeepocOeHue umeem mecmo 
u OAR puccoecKoli napot (Hz, Ez). 


* Uepes L (E, F) mbt o603HauaeM MpOCTpaHCTBO BCeX HeMpepbIBHbIX JIMHeEHHBIX OMepaTOpOB 
43 Es F, uepes B (E, F) — mpoctpauctso Bowne HEMPepHIBHLIX OMeEpaTopos. 
ty Onpexenenns OesyCIoBHOrO H a6comloTHOro 6a3HcoB cM. (14), 


O19 


2. Jlanee Hac OyyT HHTepecoBaTb IpOeKTHBUBIe (HHJYKTHBHBIe) mpefesp 
mkaa Pueca; T. e. TOMONOrHuecKHe JIMHeHHbIe MpoctpancTBa * Bua E= (| E 
a<a, 
(E = [| Ez), KoToppie MbI Ha30BeM LE HT PaMH (KOWeCHTPaMh), KOHEU- 
an<a 
HbIMM HJ OecKOHeUHBIMH B 3€BHCHMOCTH OT TOPO, &, Dae one) Ce 0) 
WAU OB, = 00 (a) = — oo). 
Teo pema |. IIycmp E= [) Eg—yermp wkaaot Pucca 6anaxoeax npo- 
a<a, 
cmpancmée C sAdepHblmu BaooceHusnmu **. Toeda 603M02%HO npeOcmaereHu 
B= (} Ha, 20e {Hg} — euncbepmoea wikanauB,=1, ecaua,< co; B,=0o, 


<Po 


CCAU O,) = OO. 
Syece HM Jlasee B cuyyae OeCKOHEYHOM WKaJIbI MbI TipesmouaraemM, 4TO ona 
ABJACTCA AHANHTHYECKOH WiKaNoH c ycoBuem C (cm. (*), crp, 492). 
l3 Teopempl | w Npefnowenua | BbiTeKaerT: 
Teopema 2. Llenmp ecakoti sdepnoti wkaaot Pucca E= {) Ey umeem 


- 7) 
Oasuc ul usomopder npocmparcmey Kéme M = M (bn), 20e€ bn, = exp (ABn) 
: —tB 
u 6 caywae KonedHOw wKaAn hy = 1 u ye "<oo 0ua aw6o2e0 t>0 (usu 


ak 
B,/logn—> oo), a @ cayuce Ceckonewnoti wKaAvl 4, = co u dje ne oo npu 
xexomopom T > 0 (uau limB,/logn > 0). 

Ota peasMsaluA Baer XOPOWHH alMapaT Asa H3yyeHHA WeHTpOB “(KoUeH- 
TpoB) AJepHBIX wkam Pucca. 

3. BbIMHCIMM allmpOKCHMaTHBHble pasMepHOcTH T.e. Ksacchl *** P(E) un 
T(E), (aa wWeHTposp (KoMeHTpOB) sfepHbIx wkan Pueca; Hanomuum, uto 
aBTOpOM OblJla nNowygena (8%) cuefyiollad OleHKa &-9HTPONHH 93 MMCOHAOB 
B PHJIbOepTO BOM lpocTpaHcTBe: 

Jlemma 2. ITycmo g9={e: Dela <1}, A, f 0c, —anauncoud e I? u 
mt) = ini{n: a, >t}. Toeda 

C/e W2e ; 

ee die \ Be dt O= 8, 
0 
M3,sTo memMMbI H Teopembl 1 sameTKH (*°) BbITeKaeT: 
TeopeMai 3. ITycmo B(t) = inf {n: Ba >t}. Toeda 


© (EY) = U {9 (e): VT >0, K > Ode, > 0 


K 
T log — 


(@ <e' g (€) > exp (73 \ B(t)dt))I, 


WE {0 (e): dd > 0VK > 0de, >0 
Slog * 


(e <9: gp (e) > exp Ge \ B(tdt) I. 


3fecb (H flamee) MbI OOO3Hataem uepes E* KOHeUHBIM WeHTp, COOTBeTCT- 
BYIOWWMH mMocseqoBaTebHOCTH By, t co (Bz >>0), a yepes E~ — Geckoneyuprii. 


* Tlo nopoxy BBexeHHA TONOJIOrHH B 3THX MpocTpaHcTBax cM. (16), 

** Onpeye/leHHA sAepHBbIX BOXKeHHI H AepHbIX mpocTpaHctTs cm. (24), 

*** Onpenemenue kaacca WY (£), BBegennoro A. H. Koamoropospim (22), cm. (9,'8). Kaace 
T(E) ucnopelx j MocleqOBaTebHOCTeH, BBeJCHHBIM B paccmMoTpeHve B (}*), onpemenaeTca 
tak:, [ (E),= U{7,: VUAV (7,4, (V,U) — 0}; U, V — oxpectnocru nyna B E. Onpegenenne 


OTHOCHTeAbHEIX n-nonepewHHkoB d, cm. (8, 3%). 
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Teopema 4. Ionoocum Cs.= {nt Ya@*—> 0}. Toeda PEA) Fy Ts, 
550 
Rita == |,}..1'p- 


R090 
Miz sTux mpeqnowKenui BbITeKaer: 
Teopema 5. Lexmpot 6eckoneunoti wu KoneuHoti wKaa Pucca He moeym 
Oolmb us0mopdnol. 
Tlonp3ysicb JeMMOH 2, MOXKHO NOKa3aTb, YTO CUpaBesuBa 
Teopema 6. Ecau E u F —npocmpancmea Ppewe u T(E) =T(F), mo 
bE )isayr (F). 
O6patHoe, BooOue TOBOpA, HeEBeEPHO, KaK MOKa3bIBaeT Ce_yIOUMit mpu- 
en. 

IIpumep 2. Ilycts E u F —eutpbl OecKoHeuHbIX wKat Pucca ¢ no- 
eqopaTestbHOocTamMu B, =e” u Ba = — et coorpercTBeHHo. Teopempr 3 u 4 
Some | (Py, a YE) = ¥ (F). 

QTOT TipwMep ToKa3bIBaeT, UTO axe MA WeHTpoB mwKkan Pucca Kanacc 
(E) He aBAseTCA HHBApHaHnTOM, ONpeeAIOWAM TONONOrHIO. B To x2xe BpeMaA 
sTIpaBewinBa: 

Teopema 7. IIycmep E u F —yenmpot Koneunoix (GecKoneuno1x) s0ep- 


Hox wKan Pucca, onpedeasemoix nocaedoeameaonocmamu By u By coomeem- 
meeHHo. Toeda caedyoujue ycaosun aKeueanenmpl: 1) E u F usomopdnot, 
) P(E) = (F); 3) 0<lim®,/Bn<limBn/ Bn < oo. 

SaMeTHM, OfHaKO, 4TO BO BCeli COBOKYNHOCTH MpoctpancTB Ppeuse knacc 
He ABJIACTCA HWHBapHaHTOM, OMpeyeAIOMIHM TOMOJOrHIO, KaK MOKa3biBpaeT 

II pumep 3. Ilycrs A—npoctpanctso yHKUHH, aHawHuTHYeCKHX B OT- 
pbITOM Kpyre, H Z—mpocTpaHcTBo wWenbIx dyHkuHi (T. e. A—wWeHTp KO- 
HeaHou, a Z—OeckoneyHol wikan Pucca c nocneqopaTedbHocThO B, = Nn). 
Herpyquo noycuntatp, uro ['(A x Z) =I (A), B TO Bpemsa kak mpocTpaH- 
ctsa AX Zu A He H30MOpdubI — 9TO BbITeKaeT H3 pesybTaToB M. M. JIpa- 
rusiepa (°), O6oOuleHHeM KOTOpbIX ABJAeTCA TeopemMa 10, nu Teopempr 5. 

B mpumepax 2 u 3 (cm. Takxe ('*)) Bce MpocTpaHcTBa MMeIOT HelpepbiB- 
ylo HOpMy; eClM 9TOrO He TpeOoBaTb, TO MOXKHO TpuBecTH Gosee mpocThe 
TipHMepbl Takoro Tuna: nycTb E —wexTp KOHeYHO! (HIM OecKOHeUHON) WIKaJbI 


Pueca c Tako nocnemoBaTembHOCTHIO Bn, UTO lim Ben /Ba< co Aun mo6oro k, 

Hanpumep B, = 1, a F — npsmoe mpouspeyenne CuerHoro 4ynCIa Npoctpancts E. 
4, Boilie MbI rOBOpHJIH B OCHOBHOM O IleHTpax — NIpOeKTHBHBIX Mpefesax 

wkan Pucca. OrmMeruM, He MOBTOpsAccb, TO BCe pe3syJbTaTbl HacTosel 

3aMeTKH CIpaBefvBbl WH IH KOWeHTPOB— HHAYKTHBHBIX  mrpemeos 

X= |} Xa, — co <a, wkan Pucca. 

«<a 

| Mexjyy WeHTpaMH H KOWeHTpaMH HMeeT MeCTO COOTHOLIeHHe JBOHCTBeH- 

HOCTH, TOoUHee, ClipabeuBa: 

_ Teopema 8. IIycmo H,—euacbepmoea waza, nopocwdennan enonHne 

Henpepolenbim onepamopom (cm. npumep 1). Tozda 


Ciltay = Uren Ci tey = Uo Hay 


act —1<a a<co —co< a 
Url a) tay ( U HH.) = Ha. 
—1<a@ a<l —0o <a a<00 


SameTuM, 4TO cBOlicTBO mpocrpaHcTBa E ObITb WeHTpOM (KOMeHTpOM) 
“kab Pucca, BooOule roBpops, HeHHBapHaHTHO’ OTHOCHTebHO Nepexofa K 
TMOAMpocrpaHcTBaM H (akTOp-MpocTpaHcTBamM. 

_ Teopema 9. IIpocmpancmeo C* [—1, 1] (m. e. yenmp 6eckonexnoiti 
Kano. Pucca c nocaedoeamenbnocmo1i0 Bp =logn) yHusepcanoHo OAR @cex 


* Sror npumep mpuBoguicsa B (12) Kak MpoCTpaHcTBO, He H30MOpdHoe CBOeMy MaKCHMAJIb- 
HOMYy MIOAMpocTpanctsy. 
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yenmpos OecKoHeuHolx sdepxox wKan Pucca. He cywecmeyem ynusepcanbHoe 
yeHmpa KoHeuHol AOepHoti wKaaot Pucca. 

5. Ha weHTpbi (H KOLeHTpbl) AJepHbIX wWkKan Pucca ymaetca nepeHect 
3aMeuaTeJIbHbl pesyibTarT M. M. J[parnnespa (°) oO KaHOHHYeCKO cbopM 
6asuca. B (°) foKa3aHo: @ npocmpancmee AR (@ynKyull, aHanumuuecku 
6 Kpyze |z|< R) ecakuti 6a3uc {fn} mMOoKHO mak nepecmaeume u npoKOpMu 
poeamb, “mo onepamop T (z")=Anf,, Oydem Nenpepoieen u Nenpepolen 
o6pamum 6 Ar: B paOotax (**) ykKa3aH cnoco6 sdekTHBHOTO MocTpoeHusA 
mlocsIeqoBaTesbHOocTeH ky, H A, MO Oasucy {fn}. 

A. J\bIHHHbIM H aBTOPOM ObIIO WOKasaHo (*), 4TO 6 AOepHOLX npocmpaH- 
cmeax Ppewe (u UX CUAbHOLX CONpPARMeHHbIX) ece Oa3ucol abcoztomHol. OTCIO- 
qa cylelyeT, UTO MPOH3BOJIbHaA NepecTaHOBKa H HOPMHpoBKa 6a3Hca IPHBOLAT 
cHopa K Oa3ucy. Basucbl {X¥,} H {fz} Ha830BeM 9KBHBAMECHTHBIMH, eCAH 
onepatop 7x,=f/n HelpepbiBeH HM HMeeT HeNpepbiBHbIi oOOpaTHbH B E, 
MW KBa3HIKBUBAJeCHTHBIMH, eCJIH OHH CTaHOBATCA 93KBHBaJICHTHbIMH 
nocsie HEKOTOpOH NepecraHOBKH H HOPMHPOBKH OfHOrO H3 HUX. CoxpaHaa 
B IeJIOM CTpyKTypy oKasaTenmpcrBa M. M. Jiparnnesa (**) wu npeosoues 
HEKOTOPbIe JOMOHUTeJIbHbIC TPYAHOCTH, MOXKHO JOKa3aTb, TO CipaBeuBa 

Teopema 10 (rTeopemMa 06 9SKBMBasleHTHOCTH O6a3HcoB). B yenmpe 
(Kouenmpe) AdepHolt wKanet Pucca ece Oa3sucbl Kea3suaKeueaNeHMHOL. 

IIpoctpauctsa A(G) d@yHKuWHH, aHawHTMYeCKUX B KPaTHOKPYIOBbIxX O6Jla- 
crax G B npoctpancrBe C™ m KOMMJIeEKCHBIX TIepeMeHHBIX TOKE ABIAIOTCA 
(cp. (17)) weHTpaMH KOHeYHBIX wWkas Pucca, HM COOTBeETCTBYeT TlocseqoBa- 
TeJIbHOCTh By, = n/"; mpocrpancTBo Z,, Bcex WesbIx dyHKuui B C” —uexnTp 
OecKOHeYHOH wWkasibl Pucca c¢ ToH %e MocNefoBaTebHOCTHIO By, = nY™, | 
B uacTHOCTH, TeopeMa 06 9KBHBaJIeHTHOCTH 6a3HCOB HMeeT MeCTO JIA Mpo- 
cTpanctB A(G) u Zm. 

BepHa HJM HeT TeOopeMa 06 SKBHBaJICHTHOCTH 6a3HCOB AIA JOObIX sjep- 
HbIX TpoctpaHcTB Ppewe, aBTOpy HeH3BecTHO. SaMmeyy TOJIbKO, 4TO TeEXHH- 
Ka, CBA3aHHaA C alMpOKCHMaTHBHOM pa3MepHOCTbIO H MOSBOJIMBINaA OKa- 
3aTb (*) TeopemMy 06 aOcONIOTHOCTH 6a3HCAa B OOUIEM cyyae, cama 
mo ce6e He MOXKeT LaTb NONHOTO pelleHHA BONpoca (cp. NpHMep 3). 


MockoscKuli rocyapcTBeHHEI YHHBepcHTerT Tloerynuuio 
18 X 1960 


um. M. B. Jlomonocospa 
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: Wornaagn Akagemuu nayr CCCP 
E 1961. Tom 137, Ne 3 
: 


_MATEMATHKA 


0. A. OJIEMHHK 


O CXOMHMMOCTH HEKOTOPbBIX PASHOCTHBIX CXEM 
(ITpedcmaeaeno axademuxom H. I. Ilempoeckum 28 X 1960) 


IIpu foKasatesbcTBe CXOMMMOCTH Pa3HOCTHBIX CX€M OObIMHO HCMOMb3YI0OT 
anOo CyllecTBOBaHHe COOTBETCTBYIOULerO PaSHOCTHOH CXeMe rviajlKoro pelieHuA 
3aaun QA DudpepenuvanbHoro ypaBHeHHA, HOO eHHCTBeHHOCTh pellleHuA 
9TOH 3ayauH. B nepBom cly4ae MpOBOAMTCA HenocpeACTBeEHHaA OLeHKa OTKJIO- 
‘HEHUA PellleHuA pasHOCTHOH CXeMbI OT TOUHOFO pellleHHA sagaun AA WHddbepex- 
“WHaJIbHOrO ypaBHeHHA; BO BTOPOM CJly4ae Ha OCHOBAHHH ANpHOPHbIX OLLEHOK pe- 
WeHHH pasHOCTHOM CXeMbI YCTaHaBJIMBaeTCA KOMMAKTHOCTb 3THX pelleHHH H 
‘jlasiee W3 CJMHCTBEHHOCTH MpesebHOH PYHKUMH BEIBOAHTCA CXOMMMOCTH pelle- 
‘HHH pa3SHOCTHOH CXeMbI, Kora Warn CeTKM CTPeMATCA K HYVJIHO. 

B HacTosAlleH 3aMeTKe JOKa3aTeJIbCTBO CXOJMMOCTH pelIeHHH pa3SHOCTHbIXx 
“CX€M MIPOBOLMTCA HenocpeACTBEHHO Ha OCHOBAHHH OHOCTOPOHHHX allpHOpHbIXx 
-OILCHOK, 6e3 HCNOMbSOBaHHA TEOpeMbI CYMLeCTBOBAHHA JIM eMHCTBeEHHOCTH pe- 
“weHua 3alaun Lid WudpdpepenunalbHoro ypaBHeHusA. [lpn stom u3 pellieHHi pas- 
“HOCTHOI CX€MbI KOHCTpyHpyeTCA MOHOTOHHAA MOCJeLOBaTeIbHOCTb, H3 CXOH- 
“MOCTH KOTOpPOH cyleyeT CXOJMMOCTb pa3sHOcTHOH cxempl. HuKe MbI oKaKeM 
9THM IlYT€M CXOJMMOCTb HEKOTOPbIX Pa3HOCTHBIX cxeM. B paccMOTpeHHBIX NpH- 
“Mepax pellleHHA COOTBETCTBYIONIMX 3aayd WIA LudppepenunasbHoro ypaBHeHHA 
“ABJIAIOTCA PaSpbIBHBIMH WIM HermaqKuMM PyHKUMAMH. 

» i.CxemaTl. Jiaxca () Ana KBasSuaHHEHHOrO ypas- 
i eHua. JloKaxKeM CXOJUMOCTb pasHOcTHOH cxembl Jlakca IA pellieHHusaA 3a- 
e Koum npu ¢>O0 aaa mpocteimero kKBa3sHMHeHHOrO ypaBHeHHsA 


Ou/dt + Og (u)/ox = 0 (1) 


c yCJIOBHeM 


u(0, x)=u,(x), —co<x<i+oo, rye |u,(x)|<M. (2) 
BrepBbie CXOMMMOCTb 3TOH CXeMbI Oblia ycTaHoBsieHa B (*”), Pa3HocTHaa 
cexema Jlaxca umMeeT BHD: 


ot = <i "/2 (ura + Us) oy [p (uk ,) aah | ae h/2l, (3) 


Tye uk = Uy, (kh, nl), h wu 1—nexoTopble NOOKUNTeMbHbIe WCa; n= +1, 
ae »t(2m+1),... mpu et Ita We USE A, 
‘ LE 2m,. Peupmie 0,2) 4. 2... = a, (nl). 
gq ae @ (wu) — NpousBoubHasA raanKas (PpyYHKWHA, TO MOKasaTebCTBO TIpo- 
BOMUTCA MA MOCO orpaHHyeHHOH MOHOTOHHOH dyHKUHH u,(x). B cryuae, 
| ae (p” COXpaHAeT 3HaK, CXOMMMOCTh CX€MbI NOKAKeM TaKxKE H [iA m060k 
OrpaHuueHHOH w,(x), ecmu |u,(x)|< My. Ucnonpsya aemmy 5 usa (*), serko 
MOMYYHTb Jasee CXOMMOCTS CXeMbI H MpH m0COlt orpanMyeHHoli H3MepuMoli U(x). 
q Sanucpipan pasiocryio cxemy (3) B Bune ust? = H/2— Q’h/2l) ub, + 
(/, + g’h/2l) uk_, wu mpennonaras, uro |q’ (u)[hil<o pu lul<M, 
mero oe 4TO baled ¥ 4TO ne tae un = 0. (2,0), ecm 


| ato _,<0(S0), R= 1, 2,... B cayyae gp” >0(<0) serko JoKasatTp 
f epaseneas (cm. (3)) 

2k == (uk — ub ,)/21< Mi (> Mi). (4) 

3* 523: 


x 


Byjem fipeqnouiaraTb, 4To | | u(x) — u_| dx < 00 Ho U,(x) eTpemMHTcA 


—=00 
fn 


MOHOTOHHO K U_ pH x—>—oo. Torfa cymecrByer u= >; buh ee u_) 21 
= m=—co 

aA ret TouKH (t, x) = (kA, nl) Mu, pPaBHOMepHO OrpaHHyeHb! NpH ae 

O0<t<t,. HeticrsutenbHo, cymlecrnanaune ih ee qua k=1, 2,. 


BbITeKaeT fe papenctpa ukt? = 1/, (wis, + up _4)— Tey) an (u_)}. ae pa- 
BEHCTBO MOXKHO 3allucaTb B Bue uLtt = = (?/, — g’h/2l) Unda a Ch aa p/h/2l) uns. 


U3 nocnenuero BbIPaKeHHA JH Un’ cnemyer, 4TO Lange ee me (ml) |, 
me n—(k+1l)<m<qn4+(k+1). 

Tlyeth uw —penmenne (3) c maramu i ul no ¢ w xX COOTBeTCTBEHHO, 
a vt — peyenwe TO xe cxeMbI c Waramu f/2 u 1/2. [Ina ynoOctsa Oyfem 
MOJIb3OBaTbCA NOJYUCMbIMH HHekcaMu jis vt: n=O0,-+1, +2,... mpH 
b=0,1.2).20 82 = + Yo, Mey .. upd k = 4s, 14/,,... Canraem, 
4TO @ (u shee: “Viveem vitl — }/, [oFEYs ++ ott 4) — @ (ob) — [ep (oR+Y)] [A/2t. 


n 


Tina o& = >) [vm—w_]l nonyuum 


= Yp(ontit + ontyt) — @ (Ontif) h/2 = Yo (/eUnta + Yfa0na) + 
By (1/guk_4 + 4/202) — @ (Un41) A/4 — @ (on) h/4 — @ (vntit) h/2. 


mz. = Rk 
Tycrs Wh = un — vt. Jina Wk nonyumm ypaBnenne 


Wh ee = "Io (Wha he gol a Ui Onda 74 as se y 1/20, — 


— he (uh) + Ag (OF 4.) — */ahe (08,4) + 7h (08) + */ahe (ont). 


IIpeo6pa3yai weHbI, CTOAMHeE B MpaBow uacTH, Cc TIOMORIEE TEOPeMBI pags | 
Hem 3HaueHuu, nonyuum Whtt = (1/, — @’h/2l) Whig + (H/o + @’h/2l) Wa — 
sd ea ew is ea — ph/4l — @h/4l—@,9;h7/4271, roe @g’ x a | 
mitt, , 0) O3HauaIoT @’ (WU) IPH HEKOTOPbIX 3HaYeHHAX UW, He TIPpeBOCXOjA- | 
IHX 10 Monty suo M. Ilycrb A/l HactobKO MAO, UTO BbIPaxKenne B oc epHel CKOO- | 
Ke HeOTpHllaTesIbHO HM MeHbUIe HekOTOporo uucna My. Ilpeqnonomwum, ato} 
gp” >O (octanbuble ciyyan PAceMaT Dunas a a patege Ucnonpsys (4), 
nonyyam Wt [1/, —@'h/2l] Wha — Plo + @’h/2l] Waa < hM\M,I2/h wt 
|Wh|< Mal, ecmu uo (x) HMeeT orpaHHueHHoe H3MeHeHHe pH x < Xo (Msg 3a- Ff 
BUCHT OT Xo). Juan nl <x)—(k-+1)/ orcwya cnenyet, uToO wrt < < Mol + } 
+(k+1)AM,M,l2/h usu Wh = W (kh, iO C.Pik aia < hae X<Xp- | 
—tyl/h, re C, u Cac HeEKOTOpble MOCTOAHHBIe. 

Cnenopatenbuo, [ue — C,2l — T15C, (21)?/h] — eon ee MeCo2l*/h] < 
bynkuun YA = uw — C,21 —1/,C, (21)2/h, sapucamasa or warop cerkn | u "yl 
MOHOTOHHO BO3pacTaeT, ee lu A erpemstca K Hym0 Kak /,/2° u h 
mpH s—-t oo. Tak Kak Y* papHomepHo orpaHnueHbl ae kh=t< toll | 
nl =x IX) —toh/l ANA NpousBoNbHBIX fo >O0 U Xo, 10 Yn CXOMATCH, Kora A} 
ul crpematca K Hyso. Orciofa cneqyer CxO_uUMOCTD UU}, npH h->0ul—0. 
TipomouKuM wp Aa Bcex x u ¢t >O0, Tonaran Up; (t, x) = 1B mipu (k — Nh< ) 
<t<hkh,(n—2)l< x < nl. U3 cxoqumoctu un cllemyet ca6ast CXOMMMOCTD Uy; | 
Ha BCex Ne t=const, cojlepxkalyx TOUKM ceTKH. SanucaB (3) B Buze | 
(uk+t — yk\/h + [p (uk ut ¢ (uk_)]/2l = (uk Te 2uk+-uk__)/2h, HetpyHO 
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Ne 
NOJIYYHTb, YTO » (uk — uk—m) 21 < Cymh. Tlonp3yacb sTHM, momyuaem, 
nny 
4TO CiaOaHt CXOMHMOCTh Up; WMeeT MeCTO Ha BCexX psmbix ¢ = const > 0. 
His MOHOTOHHOCTH OTHOCHTebHO n mH60 us (4) B cuyyae pp” =O crenyert 
KOMIA@KTHOCTb Up; B CMbICJI€ CXOMMMOCTH MouTH BcIOAy. Ilostomy up; CXOAATCH 
nmouTw Beloxy mpu ¢ >0, Korga h,l—0. 
2. Cxema Porte Ana KBasHAUHeEHHOrO ypaBHeHHA. 3pecs, 
Kak HM B I. 1, Mbl OrpaHHUHMCA paccMOTpeHHeM Npoctefuero ypaBHenus (1). 
HucepentvanbHo-pasHoctTHy10 cxemy Pore ja pellenua KpaeBoli 3aqaun 


. U\t—o = Uy (X), |x = Uy (F) (5) 
B oOnacTu {t >0, x >0} ana ypaBHenua (1) 3aqaqumM ypaBHeHuamn 
dut/dt + [p (ut) —  (u")]/i = 0, (6) 


Piewets, 2,..., Ut) = u(t, nl), u(t) =u, (f); u*(0) =u, (nl). Tlycrs 
[uo (x)|<M, |u,(t)|<M u g’(u)>0 pu |ul<M-+e, e>0. Paccmar- 
' pHBaA mocjepopateibHo n= 1, 2,..., MerkO fOKa3aTb, TO |u"(t)|<M 
TIpH scex n. 
Byfem npegqtiouaratb, ato ~” >0. JloKaxem, 4TO B STOM cyyyae 


2? = (u*— u™)/l< M, npn n=1,2,... (7) 
Onpenenum z" npp n=O. Jina storo u(t) onpefenumM u3 ypaBHeHHA 
p(u*) = @ (ur (t)) +L duy/dt. (8) 


OuepufHo, 4TO pH foctaTouHO Maubix 1 9TO ypaBHeHHe uMeeT pellieHHe 
oTHocuTembHO uw uw |u4|< M--e/2. JlerKxosngerb, uT0 2° = u, (t)/p’ << My, 
ecJIH ui (t)< Mz (My, wu M,—nHexkotoppie noctosHuble). PyHKuNA 2” yJoB- 
JeTBOPAeT yYpaBHeHHIO 

dz"/dt am g’ (u"—1) (Ce (uty zr-y/l aL 1)" (z")2 “ls 1/.ep” (201)? =i), (9) 
Orciofa crefyeT, 4TO 27< My, ecau 27(0)< M, u 2°(t)< Mj, Tak Kak 


B MIpOTHBHOM CJlyyae Mbi MOYYHM MpoTHBopeyve c ypaBHenHeM (9) B TOUKe 
Makcumyma 27(¢t) np t<ty Wu IN< Xp. 


| Ilyctb v? — pemienua ypaBHennit (6) c warom J/2 (n=O, */s, 1, I*/2,..-) 

-u ycnopusmu v"(0)=u)(nl), v9 (t) = u,(t). Beegem o6o3HayeHna: 

ue= >, uml, = a oml/2. Syukuua W"tt = 2 — yt 
fi=0, 1, 2.» M=0, */s) 4,0: 


YMOBMeETBOpHeT ypaBHeHHIO 
dW dt + 9 (Ww — WP It — 2a" (0 — 0M) — [pu *) — 9 (0). 
Tompasyacb (7) u (8), Haxogum, ato dW" /dt + g (W°— W")/l < Mol, 
rae M,— Hekotopas nocrosnnan, W°(t) =0, W" (0) < Ml mpu x < Xo, 
ecsH | Uo (x)|< Ms. Orcioga caenyer, to W"(t)< Mel u u"—2Mdl < 
<0" —M,l. Taxum o6pasom, dynKunsa wu” — 2M,l MonoToHHo yOpiwaer, Korga / 
-cTpemutes K Hyw0, Kak /,/2° mph s— oo. Orcioga cnefyer cna6am cxogu- 
MOCTb (yHKUH w;, a TakxKe B CHy (7) CXOMHMOCTb W; MOUTH BCIORY pH 

{->0. [pu stom mpl nomaraem u;(t, x) =u" (t) npu (n—1)l<x<nil. 
AnanormuHbiM o6pa30M MOXKHO JOKa3aTb .CXOAMMOCTb cxeMbl Pote AA 
gagaum (1), (5) Bunga (u?tt—u")/h+ dp (u®t)/dx =0,  u? (x) = u(x), 
u® (0) = u; (RA). 
3. PasnoctHaa cxeMa aH ypaBHeHHA PunApTpanHn. Pac- 
-€MOTpHM DepBylo KpaeBylo sayauy AA ypaBHeHHA 
/ 0?u/dx? = OW (u)/dt (10) 
‘B UpsmoyroubHuke Q{0O<Ct<T, O<x<I}hc ycnosnamu u (0, x) = uo (x), 
‘ult, 0) = u,(t), u(t, 1)=u,(¢), roe O(u)—nHenpeppiBHa mpH uS>O u 
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®'(u)>0 npuw u>O, a u(x), u(t), ue(t)—HeoTpuuarenbubie cyAkunH. 
(Ypapuenve durpTpanun (10) MOAPoOHO usyueHo B (4).) JIudbepeninasmpHo- 
Pa3HOCTHHIe ypaBHeHHA AWA STOM 3alayH paccMOTp¥M B BHse 


duk/dx? = [DO (u*) — O(u?-))/h, (11) 
rye 
u(y) = UpAKRy 0), Reale 2, 8 
u9 (x) = Uy (x), w* (0) = u, (Rh), u® (1) = up (RA). (12) 


Jlerko noka3aTb CymlecTBOBaHve pelwenHi u® ypapHenni (11), (12) um ux 
PpaBHOMepHYIO OFpaHHYeHHOCTh OTHOCHTeIbHO h. OOosHauHm uepes v* pemie- 
HHe TOM 2%e pa3sHOcTHOH cxempl (11), (12) c marom h/2. [Lina yyoOctBa 
6yeM TNOJIb30BaTbCA oo as NG See at OP ee 0, Ale Lae 


Bpejem o6osHavenna: u* = Ps u™h,v'= >) vmh/2. Vimeem d®uk/dx? = 
m=0, */2,--. ? 

= (Di) tent +- uh, dv oh? = @ (v*) —D(v°) +u,h/2,k = 1, 2,... asa 

w* = u*—v" nonyaum ypaBHenue 


LW dx? = © (W*—W* yh + 1/0’ (0 — v*) + uph/2; 
13 
Ww? =0, |W*(0)|<Myh, -|W"*(1)|< Mh oe 


B IiIpeqmomoxwKeHuH, uTO u,(¢t) H Uy(t) AMeIOT OrpaHHueHHoe u3MeHeHHe. Ecan 
BbINOJIHEHO YCJIOBHe 


vk — yh" < 0, (14) 
TO 


LW" (dx? — O' (W* — W* yh > uy (x) h/2 > Moh. (15) 


3 (13) u (15) cnenyer, sro W*< Mh, (u* —2Myh) — (v* — 2M,h/2) <0 
T. e. “* —2M,h—mounoTonHo yOpipatoulan dyHkuHA wara h. Orcioja, Kak 
u Bun. 1 uw 2, cneayer cna6ad cxOqMMOCTb Un, pH h—->O. Mcnonp3ya (14), 
MOsyaaeM CXOJMMOCTb U,_ MOUTH BCIOAy B Q. (Mb nomaraem uw, (t, x) = u* (x) 
upH (ek—lj)h<t< RA.) 

AHaJOrM4uHO MpOBOMMTCA MOKa3saTebcTBO cxOyMMocTH cxemBI (11), (12) 
B TOM CJly¥ae, Kora 


yk — yk > 0 (16) 


JIerkO TloKasaTb, 4To ycnoBpue (14) BEIMoNHeHO, ecau up} (x)<0, uy (2) 


H U,(¢t)— HeBospacTaiouive *yHkuHH ¢, a ycnosne (16) BplMomHeHO, ecu 
uj (x) >0, uy H u,—HeyOpiBaioulme cdbynKiun ¢. J[na sToro Hy2KHO cocTa- 
BHTb ypaBHeHve Jaa 2? = u®—uk—l vw BOCNONb30BaTbCH MPHHIMMOM MaKcH- 
MyMa. ; 

OrMeTHM, STO YKa3aHHbIH MeTO IpHMeHHM JIS MOKasaTesbCTBa CXOJH- 
MOCTH LWIMpokoro KJlacca pa3HOCTHbIX WH WudpepeHMasIbHO-pa3HOCTHBbIX CXeM, 
OOaaiouluX TpWHIMMOM MaKciMyna, 


MocxkosckHit rocyapcTBeHHbIli yHHBepcuTer. Tlocrynusio 
um. M. B. JlomoHocopa 27 X 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1 Pp, Lax, Comm. on Pure and Appl. Math., 7, 159 (1954). 2? H. I. BBegeun- 
ckas;, JIAH; 111,;. No.3 (1956), | sOuA Onetnux, YMH, 12, 8. 3 (75), 3 (1957) 
40. A. Onetinux, AMiGy Kea sieaunt Mik OLB, Uxoy 1O i-1 Hub, Usps. AH CCCP, 
cep. MaTem., 22, 667 (1958). ai ) 
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Jlokzann Akagqemunu nayk CCCP 
1961. Tom 137, Ne 3 


_MATEMATHKA 


( Axkayemuk C. JI. COBOJIEB 


: O ®OPMYJIAX MEXAHHYECKHX KYBATYP B n-MEPHOM 
3 TIPOCTPAHCTBE 


@Mopmy Jbl MexaHwuecKux KyOaTyp 
N 


(1, o)=\odr— > Cup (x) 0, (1) 


Q 


] 


Pe X*—TouKa OrpaHHyeHHoH n-mMepHokw oOsacTu 2; C,— KoadbulHexTHl; 
(*)__y3nbl (OpMyJbl, MaloT pa3JIMYHy!O TOUHOCTb JIA pa3HbIX KaCCOB 
Bek ByyemM npefnouaraTb, to omwm6Ka (/, @) paBHa HYJIO 2A MHO- 
FOUNeHOB HEKOTOpOH cTeneHu m,. OOnacTb Q GOyyeM cuuTaTb uMetollel Ky- 
COuHO-rlayKy!0 rpaHully. 

Oco6Obii HHTepec AA TeOpuH MpelcTaBAAeT YaCTHBI cyyai KyOaTy pHbIX 
MopMywl, Kora *yHKUMA q@ MepHosuuHa c nepHofamu HB, rye H — ocuos- 
Had MaTpHiia NepHoxos 


H SS (hy, hy, eeny hi); (2) 
Kak Iblit nepvon h, ecTb BeKToOp-cTos6ell 
Ap \ 
h 
m=| |; mK) 


B— leNOUNCIeHHbIK BeKTOp-cTOOeL, 


| { 81 
Be , 00 <Ba< tom. (4) 
B 


IIpu 9ToM oOacTb HHTerpHpoBaHHA GQ, MpescTraBlneT coOoli OCHOBHOK 
Tlapasenosqp Takoli, uro cucTemMa Bcex pg, nosyuaembix cyBuroM 2, Ha HB, 
MOoKpblBaeT Bce mpoctpanctTso R, Oe3 nepeceyenux. B aToM cmyyae NONOMKHM 
m, = 0, T. e. OyzeM cunTaTb, ¥TO dopmyvia (1) BepHa Jia P= 1, UH, 3HauHT, 
: 


> Ce=lQpb (5) 


h=1 
OcHoBHOH 3afayeli TeOopHu MexXaHHYeCKHX KyOaTyp ABAeTCH HaxomeHne 


min {max/|(l, @)|] = 4(X, N) (6) 
Chix 


WIA 3afannoro Kjacca X pH 3ayaHHom uHcne Touek N. Suauenua C, u 
x, JIA KOTOPbIX 9TOT MHHUMAKC peasIM3yeTCA, MalOT ONTHMaJIbHy!O copMy- 
wy MexaHwyueckux xKyOatyp. IIpu n=1 97a 3afaga paccMaTpuBaJacb 
C. M. Huxonscxum u ero yueHHKaMi. Cpogka NOJYYCHHbIX pe3YJIbTaTOB 
Tpusefena B (*), TaM Ke NoMeljeHa HW. BaxkHeliiaa OvOsMorpadpua Bompoca. 
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B mocuieqHee BpeMaA MHOrHMH aBropamu (72°) H3y¥yanuch Ky6aTypHble cop- 
MyJIbI Jia n> I. 

Yno6uHO paccMaTpHBaTb B KayecTBe X eHHHUHbI Wap B HeKOTOPOM 
6aHaxoBoM TpoctpaHctse B, B KoTopom (/, m) mHHeeH. SamMeTHM, 4TO B Mpo- 
crpanctse C HempepbiBHbIX cbyHKuHH BQ umn Q, He cymecTByeT dyHKIHO- 
Halos Bupa (/, @), MaJIbIX Ha BC€M eC(HHHYHOM Ilape, XOTH BCe OHH JH- 
HeHHBI: 


sup | (|= fla +3 [Cal]. (7) 


ellco= h=1 


Ilostomy B C ocHOBHas 3afaya He HMeeT CMBICJa. 
B HacTosmehH 3aMeTKe Mbl 3aHMeMCd UCCIeloBaHHeM TepBOH MOMOBMHbI 
OCHOBHOH 3aauH, T. e. HaxoxKTeHHeM 


max|(, p} hr d{Cy, x) (8) 


B Calyyae, Korga X —eHHHUNDI Wap B MpocTpanctBe dbyHKUHH, y KOTOPbIXx 
IIPOMSBOAHbIe NOpAKa 1 WHTerpupyeMbl C KBaflpatom. Bropaa momoBuHa 
3ayauu: HaxowkpeHue mind(C,, x\"))—ecTb 3aqaya O MHHHMyMe dyHKUHH 
(n-+ 1)N nepemMenHbix, H MbI ee He OyfeM KacaTbcs. OnoBpemeHHo OyjeM § 
paccMaTpHBaTb MpocTpaHctTBa a adie ll Bg (byHKiMh, nepHoguyeckux B Ra, | 

c nepnogamn HB, npuyem 3a @ Bo3bMeM Tapastmenoamp Qy. . 

Hopmsr 8 WY” u WS” pawores (2) copmynamn 

leRm =IoR,  +lelin =Iel, , +D(o), (9) 

lim = (\ edr) + D0) (10) 


Q, 


rye Il —npoexunonnpiii onepatop us WS” B mpocrpancrse S,_,_,;— MHOro- 
uleHos crenenu m, a LS”? — daxtop-npocrpanctso W$”/Sm,. Syecb o603Ha- 


yeHoO 

leliom=D(@)=\ (D"g)Pae. (11) 

fe) jal=m 4 

Ja HemepHosuyeckoro CJlydaH MbI oyneM BO BC€M JaJIbUICHUIeM CUHTATb 
m=Hm—1, TT. €. 


(,9)=0 npn @ESm—. (12) 
Ecau onepatop Ilg—uxtepnojisuHoHHbl, TO O6MMH CryYali CBOMMTCA K 
3TOMY. 
CnpaBe2JIMBbI HepaBeHCTBa: 


1 PSK Pl cm SK Ph em, 1 ISK lpom <K elm. (13) 


PaccMOTpuM TPH 3ajlauH: 
Sanaua J. Halitw max (i, Q). 
Helly (ony 
Sagaua Il. Haiita min le liv, 
9)= 


(1, 
Sanaua Il. Hatin min A (@) = D(g) + 20 (J, Q). 
Bce Tpu 3amauM CBOAATCA K MOOOH OMHOM H3 HHX. 
PaccmotpuM 3agauy II] npw nomoma” mpsmoro metofa. B cuay (9) Hy (q) | 

WMeeT KOHe4HY1IO TOUHYIO HHKHIOIO PpaHAly: 


Hy, (9) > [VD (@) — AK]? — MK? > — 2K? (14) 

Tox ecTBo 
*/olTn (ur) + oH (Um) — Hr ((ur + Um)/<2) = D((Ur—Um/(<2) (15) 
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MOSBBOJIAeT 3AKIIOUHTb, YTO CCIM U,—MMHUMAJIbHaA MOCJeLOBaTeNbHOCT, 
To II u, O6yneT cHoBa MHHHMa sb Holt HW IIpHTOM dyHlaMeHTaJIbHOH, C e/HH- 
i _e TipeyesioM, JarouluM cane sayauu III. Jlanee u3 ToxecTBa 


Ha (9) = = Ha) (16) 


Beco 3aKJIOUHTb, YTO pellieHHaA 3agqaun III] wna pa3Hbix A OTMHMUAIOTCA 
Upyr OT Apyra MHOXKHTeNeM H BbIpAaxaiorcs tbopmy.ion 


Pacemorpenue yHKWuH p(w) = H (uu) NpHBO_HT K BbIBOAY, 4TO ecAH 

Hy (ua) = min Hy (u) = — dy (Cr, «), (18) 
pb 

TO 

; D (ux) = da (Cr, x); (Ll, ux) = — dy (Cu). (19) 


Ouesugno, mpu (/,u,)=1 pemenuve II] Gyner u pemenuem II, a pemte- 
nua I u Il ornuaatores MHOmUTeeM. Otcioyja nowyyaem pellienua s3ayau | 
y II B Buye 


Uy = Wy/dy> yy = — Uy /V dy. (20) 


Ananoruyno pewiarotca sagaun I, Il u Ill ana mepnognueckoro cayuaan. 

_ OfpickaHvwe 9KCTpeMasbHOH dyHKUHH MOxKeT Tellepb ObITb CBeseHO K 
WMHTerpHpOBaHHlO ypaBHeHHA B UYaCTHbIX MpOH3BORHHIX. YOOHO BOCNOb30- 
BaTbCA alMapaTOM MH CHMBOJHKOH TeopuH OOOOMIeHHEIX (pyHKuNH (4°). 

_  KgaccnyeckuM IpHeMoM BapHallMOHHOrO HCYHCeHHA Nosyuaetcs ypas- 
HeHHe B BapHaluAx AA peuleHua 3anaun I] npn A= 1: 


ie ied 


| 2D (ty, 5) —2\ Edy —2 >) Crk (x) = 0, (21) 
rae Piuaac) = V= | > D*u,D*E dx,  — nonycruMas BapHatusa (m106aa pyHK- 
WHA us WS” a “aa (21) nepennimem B Bye 

Dae EVs \ [1— p3 Cyd (x — x) | (x) dx (22) 


(6 (x) —dyuKkunsa Jlupaka). 
Tana @yHKUM uw, HeEOObIUMM BUOM3MeHeHHeM KJaccHueCcKHX paccyxKJeHHH 


nowlyauM ypaBHenue 
N 


AGe ri 1)” E is ps C,3(x — x) | (23) 


5 TpaHUOHble YCJIOBAA 
| Bie (24) 


WA Henepvomuyeckoro ciyuan. B nepwoyquyecKoM CJlyyae PpaHH4Hble yCOBUA 
OTCYTCTBYIOT. 
_ B uHenepwoyuyeckom curyyae u3 (23) crefyer: 


Ys G(neyoe 2 am 
at Taide). onal)" 
(25) 


5 by gM N2t4 on | (nm HeueTHOe); 
=e SSS SS ee x 
ema a Pn? + 4) 1m) Igr/2ni + u, (n ueruoe), 
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re r,. = | x — x)|, uy ectb pellienve nosMrapMonuyeckoro ypaBHenua A” us = 0, 
BbIOpaHHoe Tak, YTOObI yMOBNeTBOpUTb (24). 

IIpakTvyeckH JIA OTbICKAHUA UW MOXKHO MCIOMb3SOBaTb METO AHTerpasbHbIX 
ypaBHeHHH, MeTOA CeTOK MM ellje Kakoli-1M60 Npuem. YQOOHO TaKxKe TIpH- 
MeHHTb Kakoli-1m60 MpsAMOl MeTO, KaK, HamlipuMep, mero, Putua Asa 
HeNOCpeACTBEHHOFO HaxOKeHHA Uy. PaccmotpuMm elle NepHowuyeckHh cayuaH. 


Ilyctb fia mpoctorsr,| 2,| = 1. O6o3HaunM 4yepes u\”) nepuosMyecKoe pellieHHe 
ypaBHeHnsl 

A™uU®) = (— 1)" [1 —8(x — x)]; x EQ), x) EQ). (26) 
Torya 


uy = >) C,u, (27) 


TlosioxkuM, YTO X HK Y— KOOPAMHATHbIe BEKTOPbI-CTONOUbI, H TycTb x = Hy. 
Tlepvomnueckaa dpyukuna A(x) c nepnogamu HB, paBHan 1 — 6(x — x) B na- 
passmenosspe Q,, OSyqeT nepHosuyeckoh dyHKuHel M (y) c WenouNCeHHBIMH Te- 
pHoyamu B. SHayenne ee B OCHOBHOM KyOe OyzeT paBHo M (y) = [1 — 6 (y—y™)], 


—MNe<y <3/o. Sta PyHkuNA passaraetTca B OOOOWIEHHHIM pay Dypbe 


M(y)= >) exp[2mi (7, y—y™), (28) 


lv | #0 


re (Yi Y2,-++) Y,) MpoOeraeT BCeBOSMOX*KHbIe WeNOUMCeHHbIe 3HayeHya, 


Kak TIOJIOMUTEJIDHBIE, TAK H OTPHIATCJIBHBIEC. Ilepexoya K T€pCMeCHHBIM X, Oyem 
HMeCTb 


A(x) = >) exp[2ni(y, H*(x— x))]= Dy exp [2xi(yH™, x — x)], (29) 


ly |#0 |v |#0 
oTKy la 
ee [Qi (yH-1, x — x*))) } (30) 
cape ci 


Popmyuabr (27), (30) nosBoONAIOT erKO MOJCINTATb HCKOMBIM MaKCHMyM (J, @). 


VWuctuTyT MaTeMaTHKH Ilocrynuaio 
Cu6upceKoro orsenenua AkagemMuH HaykK CCCP 23 XII 1960 


UHMTHPOBAHHAA JIMNTEPATYPA 
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Hoxnagn Akagemun nayx CCCP 
1961. Tom 137, Ne 3 


_MATEMATHKA 


B. H. TPO®HMOB 


O JIMHEHMHbBIX METOAAX MPHBJIMDKEHHA HEMPEPbIBHbIX 
NEPHOAMYUECKHX ®YHKUNA ABYX MEPEMEHHbIX 


(ITpedcmaenexno axademuxom C. H. Beprumeiinom 9 IX 1960) 


, lyers H®  —xnacc 2n-nepwoguyeckux yHKkunit f(x, y) MByx mepe- 
CHHBIX, YOBJICETBOPAIONIMX YCJIOBHIO 


j [F(%1, 1) —f (x2, Y2) | <1 (| X2— X1|) + @2(|42—91|), 


fe ©, (¢) H @, ¢ (¢) — HeKOTOpbIe MOY HeMpepbIBHOCTH, T. €. HEOTPHILaTebHbIe 
YHKUMM apryMeHTa, HenpepbiBHbie B Hy/le HW OOpa3yiollNeca B Hyse B HYJb, 
OHOTOHHbI€ HW MOMyaLMTHBHbIe. 

ByfeM ToBoputb, TO pene aN as my (QO<keom+i1, 0<l<n+], 
vo = 1, A, = al”, = 0) onpenenner Ha xKaacce H° 7. MHeHHbI 


eTon Um, n (A), ecu etiod (yHKuHA Knacca 1°”? noctapneHa B COOTBeT- 
TBHE MOCJeMOBaTeMbHOCTb TPHFOHOMeTPHYeCKHX MOJIMHOMOB 


amie 5.0.) = S s Se vA ‘ig 1 (4x,1 COS Rx cos ly + by, cos kx sin ly + 


k=0 /=0 
+ Cr,.sin kx cos ly + dp, ;sin kx sin ly), 
qe 
1,4, ecm R=1=0; | 
. Be Vito, echn k>0, 10; 1>0; k= 0: 
. ie) -ecan &, 1 > 0; 
kh, 1 On, ts Ck, 1, An, 7 — Koahunuentnl Pyppe pyuKunn f (x, y). 
IlycTb, nanee, 
Bahk b= Ma — Qh) + Mo, ALAN = ante — OMe Alte, 
Manu heny” = AP, (Ai). 

_ B wactostleli 3amMeTke ycTaHaBsiMBaeTca crelylomlan 
¥ 


Teopema. Ecau mampuyou {r¥";} maxoeol, umo npu duKcupoeannelx 
on 


Rar 0 (Oke m—t) OR LH) 
ihe iG (OR Ram, OS I<n Sah) 
ts al On = ml Oa nel, 


' uucna N";") monomonno yOoisaiom no k u 1, mo daa aunetinoeo memoda 


n(A) Ha Kaacce H°’™ c modyanmu Henpepblenocmu @,(t) U w(t), ydoe- 
ehirpaoa YCAOBUAM 


; 1 
aha = Ofo,(8), 8) 2Ode=Ofo.(8)] (npu d—0), (1) 


[ DO) 


umeemn Mecino OWeCHKa 


. F Ch. n(1,2) ‘ ae 1 
ee 9) — Um, Es 8) 5 Mg = a aa Seo oe 


a(n, 1) 


+ Offa) + eG) acer + Barer + 
+ Ole Ga) + eeGr)h | 


a i (x, y) cos mx cos ny dx dy. 


bo 


S|5 


20e Gn, n(O1, @2) = ‘Sp 
fFEH P12 


bo 
oun OF 
owns 


JloKasaTebcTBO TEOPeMb! ONMPaeTCH Ha CJIEAYIOULY!O JICMMY. 


| m n 
a ere ee a a 
m,n ’ ’ (p +1) (q+ enon £ 2%9 ’ 


rye Sp,.(f; x, y)— yacTHble cyMMbI psa Pypbe ynKunn f(x, y). 

JlemMa. Ecau @, (t) uU @2(t)— modyau nenpepoleHocmu, ydosazemeopsio 
tue ycaoeuam (1), mo: 

a) paeHomepHo omHocumenoHo ecex m,n, O<Kp<m, O<q<n, umee 

Mecmo oyeHKa 

C (@1,@2) im 

JB el pee Ree ee eee Shoes 

Pte Pht y) a, ” (f; x, Nilo = 712 In oa 4 In q+1 Ta 


1 1\1) 1 ;, LAT, 
+0f[n5 25 + Ing Fallo: Ge) + Ge) + Ole: Ge) + eG | 
6) 9Kcmpemandbnan gynkuyun @ oyeHKe (3) 3aeucCumM mMoAbKO OM MUN 
HO He 3aeuCcUmM OM Pp U q. 
Tlockoupky B Culydae BITYKbIX MOAyseH HempepbIBHOCTH @,(¢) H We (t 
HiMeeT Mee€TO paBeHCTBO (?) 
1/2 7/2 


Cia) (O45: @5) = — \ \ min (or (*) os (<4) sin x sin y dx dy, (4 
0 #0 


oo 


) 


TO pH @, (f)=f",; a(t) = fp (0< a, 8 < 1) nonyunM u3 ONeHKH (2) pesyib 
tat B. T. [Mlonomapeuxo (?). 

Ilepsblit pesymbTaT, NoAOOHEIM omenke (2), npuHagnexut IT. T. Byratny (7 
H OTHOCHTCH H cyYalo MpHOmWKeHHA cymMMamu @yppe Af";” = 1; on Moet 
ObITb NOsyyeH H3 oleHKH (3) pH p=gq=O0, ecnH NpHHATD BO BHHMaHH 
papencTtso (4), a Take TO OOCTOATeLCTBO, UTO OWeHKa (3) IPH ycJIOBH 
pom, q<On (0<6< 1) uMeerT MecTo AI NPOMSBONbHBIX MOfysel Henpe- 
PpbIBHOCTH. 

Onenku (2) u (3) aBusIOTCA AHANOFaMM COOTBETCTBYIONLUX OWCHOK IA OHO: 
MepHoro curyyan (cm. (4, %)). 

Boipaxkaio raiyOokyio GsarofapHocTh A. ©. Tumany 3a mpevioweHnHyl0 TeMy 
M WHTepec K pa6orTe. 


J{Henponerposcknit Tloctynuso 
CeJIbCKOXOSAMCTBEHHBIM HHCTHTYT 6 IX 1960 


UMTHPOBAHHAH JIMTEPATYPA 
TI. T. Byraeu, J(AH, 79, Ne 4, 557 (1951). 2? A. B. E@umos, Has. AH CCCP 


cep. MaTeM. 23; (3141959) eee be Tlouoma peuko, J[ucceprauna, ][HenponeTposck 
1955. 4A. o. Tuman, Hsp. AH CCCP, cep. matem., 17, 99 (1953). 
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1961. Tom 137, N: 3 


MATEMATHKA 


3. ®POJIHNK 


O BHYTPEHHEM XAPAKTEPMCTHKE TONOJIOTHYUECKH 
! MNOJIHbIX TPOCTPAHCTB B CMBICJIE 9. YEXA 


(II pedcmaeaeno axademuxom IT. C. Aaekcandpoeoim 14 X 1960) 


Wornagqn Akaygemuu nayr CCCP 


: IIpocrpancrBo*P Ha3biBaeTcA TONOMTOTHYeECKH NOAHBIM B CMbICWe 
9. Uex a(B JabHelimem Mpocro 10 1H BIM), eC.1M OHO ABUIAeTCA Gs-MHOMKECTBOM 
3 CBOeEM YeXOBCKOM pacimupenuH B (P). B crate (?) apropy YAaN0Cb NpH MOMOULA 
aK Ha3bIBAeMBIX MOMHbIX MOCMEMOBATe/bHOCTEHM OTKPbITHIX MOK PbITHii LaTb BHYTp- 
= XapakTepHCTHKyY MOJIHbIX MpocTpancts. B HacTosileli 3aMeTkKe aeTcA BHYT- 

€HHAA XapakTepHCTHKA MOJHbIX MPOCTPaHCTB MpH NOMOMMM «fuameTpa», a TaK- 
3 IipH MOMOULA HeKOTOpOrO yMOpAMOYeHHA CHCTeMHI OTKPbITbIX MOAMHOKECTB. 
| Onpexenenuel. TWuametpom Ha npoctTpaucrTsBe P 
Ha30BeM BCAKYIO HeEOTPHLaTeJIbHyIO dyHKuHIO ** d, onpesemeHHy10 Ha CuCcTeMe 
sxp P Bcex MOJMHOKecTB MHO*KecTBa P H YOBJETBOPAIOMLYIO CJIeMYIOULHM yc- 
IOBHAM: 

(dl) Econ MCN CP, To d(M)<d(N). 

_ (d2) Jina sesxoro MCP d(M) saBnsetch HuKHeH PpaHbiO MHO*KECTBAa 
gscex d(U), rae U —orxkppitoe MHoxecTBO, cogep>xKaulee M. 

(d3) d((x)) =0 yaa BenkohH TouKH x€P. 

IIpumep 1. Ecnu o— ncepfometpuka Ha tipoctpanctBe P un ecnn d(M) 
3HadaeT MaMeTp MHOxeCcTBa M B OOBINHOM cMbICJIe, T. e. d(M) = sup g(x, y), 
t€M, yéM, to d saBaaetcA JHaMeTpOM B CMBICJIe Halllero onpesenenua. 
Mbl Ha3OBeEM erO JHAMETPOM, NOPpOKMECHHHIM NCeBLOMeTDPH- 
<oh g. Ecan f—nenpeppisyan dyHkuua Ha mpoctpanctBe P u ecan d(M) 
3HauaeT KONeOaHHve yHKUHH f Ha MHOKecTBe M, To d aABAAeTCA WMaMeTpoOM, 
IOPO*KMeHHLIM syHKuvel f. 

Onpeyeneunue 2. ]lycts d— quamerp na mpoctpanctse P. Llentpuposan- 
Tyio cuctemy 2% mnoyMuowKecTB MpoctpaHctBa P Ha30BeMd-H3MeNbUaWUe H- 
-a (HMM d-cucTemod), ecaninf{d(A); AEM} = 0. Tuametpd naszo0sem no 1- 
ibIM, e€CJIM TepeceyeHHe 3aMbIKaHHH MHO*KecTB OOOH d-cHCTeMbI HeNnycTo. 

OcHOBHBIM CBOHCTBOM NOMHOTFO AHaMeTpa ABJAeTCA erO HEMpOMOJKAaeMOCTDh. 
1a30BeM mpoctpaucTtspo R pacwiupenuem npoctpauctsa P, ecrn RDP 
i P=R; ecuu upu stom R=P, to R HasbipaetcA TOK MECTBEHHBIM 
JacIIMpeHHeM TmpoctpanctBa P. 

Onpeneneuue 3. JInametp d na npoctpauctne P Ha30BemM Hel po- 
[O 19% ACMBIM, ecCJIH BCAKOe pacuiMpeHue R mpoctpanctBa P, Ha KOTOpOM 
yillecTByeT JMameTpy-D Tako, utro d(M)=D(M) yaa MCP, apasetca 
‘O2KIECTBEHHBIM. 

Teopema 1. JInza mozo umobet Ouamemp Ha npocmpaxncmee Oola Henpo- 
Joancaembim, HeoOOxoduUmMO u OocmamoxHO, uMOObL OH ObLA NOAHDLM. 

Jloka3satTeabcrTso. [Ipeqnosoxum, utro D spasetca JHaMeTpoM Ha 
ipoctpauctse R, PC R,P=R, PR, ud—vtaxe hynkuusa D, paccmatpu- 
Geman Ha expP. Ilycts x@€R—P. Torga cuctema % seex Af P, rye 


* «iIpocrpaHcTBo» o3HayaeT BO BCeH paOoTe BMOHe peryMApHOe TONOMOrMYeCKOe po- 
T paHCTBO. 

** Tlon «yHKUMeH» MbI BCeryja MOHHMaeM BelleCTBeHHY!IO PYHKIUHIO (IPHHHMAIOLLYW, BO- 
ule TOBOPA, TaKxKe 3HAYeHHA — co H oo). 
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A—oxpectHoctb x B R, saBasetca d-cucTeMoH Hw Tepeceyenve 3aMbikaHu 
B P mHoxKecTB 43 % nycto. MtTak, AuamMetp d He ABMAeTCA NOJHDbIM. 

Ilyctb Tenepp d—HenouHbI AHaMeTp Ha mpoctTpaHctTBe P. CymlecTBy 
d-cuctema % Takaad, 4TO Mepeceyenwe 3aMbIKaHHH MHOMKeCTB 43 YF Nyc 
Bo3bMeM HeKOTOpy!lO TOUKY xX, JiexKallyio B NepeceyeHHH 3aMbIkKaHHH 9TH 
MHOXKeCTB B YCXOBCKOM paciuHpeHHuH B(P), WH paccMOTpHM mMpocTpaHcTB 
R=P (\ (x) CB (P). Aas mo6oro otkppiroro U C R nonoKum D(U) = d(U 
Hw Asa modoro MCR nonoxKnm 


D(M) = inf{D(U); U DM, U orxppito}. 


Oxa3pipaetcs, uto D— juametp Ha MHoxecTBe R. OuepugzHo, d(M) = D(M 
mua MCP. 
Teopema 2. Ecau cywecmeyem noaxolii Ouamemp na npocmpaxcmee P 
mo P seasemca G3-MHOOKECMBOM BO BCAKOM CB0EM PaCUllUpeHuU. 
TJloxa3atenpeTso. Ilycts d—nonnbit WHamMerp Ha mMmpocTpaHcTBe 
H nycTtb R—pacwiMpeHHe npoctpanctsa P. Jina BeaKkoro HaTypawJbHoro 
nyctb U, — o6bequHenue Bcex OTKpbiTHX U C R, yqoBneTBopAIOuIMXx Hepasel. 


ctpy d(P ip eaeae OuepnyHO, cyllecTByeT MpomomKeHve MameTpa 


Ha q U7. Fra, q Ups Pe 


=1 n= 
Teopema 3. Ecau cytyecmeyem noanoli Ouamemp na npocmpancmee P,} 
mo cywecmeyem noAHolii Ouamemp Ha ecaKom Gs-noOmHoscecmee Spec 
cmea P. 

Jloka3atTeabetTBo. Ilycts d—nonHbii WHaMeTp Ha mpocTpaHcTBe P 
H MYCTb 


R= A Un 


n=1 


rye U, — OTKpbitoe NOAMHOxKecTBO MpoctpaHctBa P, Jina BeaKoro OTKpbiToro 
UCR nonoxum 


dy (U) = inf {—; UNR cui 


D(U) = max [d(U), d,(U)}. 
Jlaa speaxoro MCR nonoxum 
D(M) =inf{D(U), U otxppitro B R, UD M}. 


OxaspiBaetcx, uTO D—nonHbli JMamMetp Ha mpoctpanctTse R. 

Cnenetsue. IT pocmpancmeo P noaHo moeda u moaAbKo moeda, ecatt 
cywuecmeyem noanotti Ouamemp na P. 

HetpyHo foKa3aTb CJleqyioulwe Be TeOpeMbl. ) 

Teopema 4. J[uamemp d na npocmpancmee P aganemca noanelm moeda 
Uu MOAbKO MoOeda, eCAU BbINOAHeHbL CAeOyrOLUe OBA YCACBUA: 

(1) Ecau d(M)=0, mo sambikanue mxoocecmea M Komnakmuo. 

(2) ITepeceuenue 3amMolKaHud mHoocecme zrobo0tt cuemHou d-cucmembl Henycmo. 

Teopema 5. ITycmo d—noanoii Ouamemp na npocmparcmee P. [lan 
ecakoeo M CP nycmb d,(M)—xuocnaa epanb mHxootecmea ecex @€>>0, Onn 
KOMOpblx cyiujecmeyem KoHe4HOe 4ucAO MHoscecme My,,..., Mn makux, umo 

k 


McuU M, u d(M;) <&. Tozda d, seanemca noaKelm Ouamempom Ha npo- 
b=] 
cmpancmee P. 

TloceqopaTesbHOCTb {9} OTKPbITbIX MOKPbITHH MpocTpanctBa P Ha3biBaeTcA 
NOHO, ecu AA WOOO UWeHTpHpoBaHHOH CHCTeMbI MHOxKecTB Y% TaKoH, 
yTo WM U,=+-¢, mpu scex n= 1, 2,... mepeceyenwe 3aMbIKaHHH MHOXKECTB 
u3 % HenycrTo. 

Ilycrh & = {M,} —MocnemoBaTeMbHOCTh OTKPBITHIX NOKPbITHH MNpocTpaH- 
ctpa P, yOBeTBOpAIONaA CeLYyIOULHM JBYM yCJIOBMSAM: 
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(pl) Un = Wnty Ue kr, 2, ares 

(p2) Ecnu A otxppito n AC BEY,, TO AEM. 

Jina BeaKoro orKppitoro U C P nonoxum d(U) = 1, ecnn UGM,. Ecan xe 
J€%,, TO mos0%*xuM 


} 
f 


d(U) = int {= ; UE. 


Hakone, ama mo6oro Mc P nonoxKum 
d(M) = inf {d(U); UD M, U ortxppiro}. 


DueBuqHO, d ABMAeTCA WHaMeTpOM Ha Mpoctpauctse P. Oxaspipaetcs, uTo a 
WAREMCA NOAHOL NnocAkedogameAbHOCMbIO moeda u mMOAoKO mMoeda, Kozda d 
IBANEMNCA NOAHKLM Ouamempom. 

Ilyctb Tenepb d— ,uametp Ha mpoctpauctse P. Ilyctb %, — cuctema Bcex 


| 4 
ITKPHITHIX MHOXKecTB U, ANA KOTOPHIX d(U)<—. Oxa3biBaeTcs, 4TO Nnocze- 


losamenbnocmbs {U,} omKpolmolx nokpoimuti noana moeda u moAbKo mozda, 
CAL d AgAAEMCA NOAHbLM Ouamempom. 

Ecnu 3afaHa MOuHad NOCNeMOBATebHOCTb OTKPBITIX MOKPbITHH, HETPyLHO 
Be ee NOJIHY!IO NOCMeEMOBATEJIbHOCTb, YOBJIETBOPAIOULy!IO YCJIOBHAM 

u (p2). Utak, noanan nocaedoeameabHocmb OMKpblMelxX NoKpelmuL cyLue- 

ae moeda u MOAbKO moeda, ecau cylWecmeyem noAHolii Ouamemp. 
_ B foKa3atenbcTBpax yOOHO NOb30BaTbCA aHTMBHbIMM TOJIHbIMM NocwJe- 
JOBATEJIBHOCTAMH, YAOBJETBOPAIOULHMH ycJIOBuAM (pl) u (p2), Tak Kak ecau 
U,} — noanan nocaredosamenbHocmb u ecau SB, cocmoum u3 oOsedunenuli ecex 
CONeUHOLX NOOcucmem nokpolmusn U,, Mo {Bn} mosce NOAKAA NocaedosameAbHocmb. 
- Ilyeth d—nonupii fuametp Ha mpoctpanctse P. OnpefenumM ynopsjo- 
IeHHe OTKPbITHIX MHOKECTB > Tak, ¥TO A >BH Torga Hu TOMbKO TOrAa, eC 
A>B xu 


2d(B)< min [d(A), 1 


Oxka3biBaeTCA, BbIMOHEHbI CJlexyIoUlHe YeTbIpe yCJOBHA: 

fuljweean A> B, To ADB. 

(i2)-eomn Cu D orcpatn, C5 A, DC Bu ASB, to COD. 

(u3) Ecau A— orTKpbitoe MHOxKeCTBO, TO cucTeMa Bcex B< A sBusetcsa 
'A3HCOM JIA OTKPbITLIX MOAMHOXKeCTB MHOKecTBA A. 

(u4) Ecam %—wentpupoBanHad cucTeMa MOAMHOXKeCTB Mpoctpauctsa P 

eCIM [Id BCAKOTO HaTypaJibHoro uMca n cyulecTByIOT Ay,..., An4y 
akue, 9T0 A; > Aj41,i=1,...,2M Anyi COMepRUT HeKOTOpoe AEN, To 
| Saige 3aMbIKaHHH MHOKeCTB U3 Y% HenmycrTo. 

Ilycth Tenepb >> sABJAeTCH HEKOTOPbIM YNOPpAMOYeHHeEM OTKPbITbIX MHO- 
eCTB, yOBJeTBOpsAIOUluM ycnoBusaM (ul) — (u4). lua Bcxxoro M C P nyctp 


(M) — nwxKHAA rpaHb Bcex —-» Asa KOTOPbIX CYILeCTBYI0T Ags as Anes 


Mmue, WTO AnzsDM u Ap > Ais, i=1,...,0.. Ecnu ne cymectsyer 
akakoro n, TO nomoxuM d(M) = 1. Oxaspipaetca, 4To d ABJIAeTCA NMOJHbIM 
jameTpoM Ha lpoctpauctse P. 
Vtak, BepHa: ” 
Teopema 6. Caredytoujue ceolicmea npocmpaxcmea P aKkeueaneHmuot: 
(1) P seanemca noaxoim npocmpancmeom. 
(2) P seasemca Gs-mnoocecméom @ HeKOMOPOM NoOAHOM npocmpancmee. 
(3) P seasemca Gs-mnoocecmeom 60 6CAKOM C60EM paculupeHuu. 
_ (4) Cywecmeyem noanolli Ouamemp Ha npocmpancmee P. 
(5) * Cytwecmeyem noanan nocaedosamerbnocn’ omkpolmblx noKkpoimuti 
pocmpancmea P. 


* OkKBUBANeCHTHOCTD NOHOTH! CBOCTBY (5) AOKa3aHa B pa6ote A. Apxanrenpcxoro (°), 
oH B neyatp 18 V 1960 r. IT. C. Axexcandpoe. 
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(6) Cyuecmeyem ynopsadovenue omKpolmelx mHOoKecme npocmpaxcmea 
yOosnemeopsrouee ycaosusim (ul) — (U4). 

Teopema 7. Cuedyrtuue ceoticmea npocmpaxcmea aKeueaneHmHol: 

(1) Cywecmeyem coeepwennoe * omobpascenue npocmpaxncmea P na neko 
mopoe noAHoe mempuuecKkoe npocmpancmeo. 

(2) Cywecmeyem noanoui Ouamemp na P, nopootdenHolli nceedomempuKkou 

(3) P seasemca noAHblm npocmpancmeom Uu éecAKOe AOOUMUBHOE OMK polo 
nokpemue npocmparcmea P seasemca Hopmanonoim **. 


Kapsiop YyHHBepcHuTer Tlocrynuio 
IIpara, UCP 14 X 1960 


IMTHPOBAHHAA JIMTEPATYPA 


1E. Cech, Ann. of Math., 38, 823 (49377. 2 Z. Frolf{k, Uexoca. matem. xypH. 
85, 359 (1960). %A. Apxanreabekuik, Becru. Mock. yHuB., cep. MaTeM. H Mex. 
Ne 1 (1961). 4 Z. Frolik, Uexoca. marem. »ypx., 84, 63 (1959). 


* HenpeppipHoe u saMKHyTOe OTOOpaxKenwe HasbiBaeTCH COBeEPWeHHBIM, ecu 
NOJHbIe MpooOpasbl Bcex TOUeK OHKOMMAaKTHHI. 
, ** Tlokppirue Qf HasbiBaeTCH HOPMAAbHHEIM, €CAM CyllecTByer mocesOBaTeMbHOCTS 
(%,} OTKPHITHIX NOKPLITHH TaKkas, uTO %y BHucaHO BY u Uta 3Be3J,HO BIHCaHO B te 
ae Ae eee , 
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Hoknagnn Akawqemun nayk CCCP 
1961. Tom 137, Ne 3 


rHHUPOMEXAHHKA 
A. A, HHKOJIbCKHHA 


CHMMETPHUHBIE JIBU)KEHHA HAEAJIbBHOHM DKUKOCTH 
W3 COCTOAHHS EE BPAUIEHHS KAK TBEPJIO‘O TEJIA * 


(ITpedcmaeaeno axademuxom A. A. Jlopodnuyeinoeim 26 X 1960) 


Ilepppie HcclefoBaHHA BHXKeHHIi paccMaTpHBaeMoro THIa BOCXOAAT K 
ja6otam (7, *). B ocHoBe HacTosieH paOoTbl MexUT CHeLyrollad cucTema 
(MHeapH3HPOBaHHbIX ypaBHeHHH, XapakTepH3ylolllad CHMMeTPHUHbIe ABMXKeHHA 
leasbHOH HeCXKHMAeCMOM  KHAKOCTH MIOTHOCTH Pp, MaJIO OTMIMUAaIOUNeCA OT 
PallleHHA | %KUAKOCTH Kak TBEpMOrO Tela BOKPyr OCH X¥ € yrsOBOl cKo- 
OCTbIO @: 


| ro eee 

of Bear: (pr dt por * a) 
dv, ; O(rv,).  ‘O(r,) 
DORIS A Weare rari arr ae 


ecb x, fr, O—WnAuHApnueckne KOOp_uHaTH,; f—BpeMA; Vv, = V,—Or, 

“= p—1/opw?r?; vx, Ur, Ug —MPOeCKIHH BeKTOpa CKOpOCTH Ha KOOpyHHAT- 

ple JIMHHH; p— aBseHuve; Vx, U;, Up, P 3ABHCAT TOJbKO OT X, r, t HW HE 

apucitT oT §. Cuctema (1) nonoxena B ocHoBy pador (**). Muaterpupys 

peTbe ypaBHeHuve cucTembi (1) mph dukcHpoBaHHbIxX x, fr mo ¢ Nomyyaem 
t 


_=— 20 (0, dt = — 2or’. Benwuuna r’, Manama BMectTe c U,, XapakTepHsyeT 

F 
alWaIbHOe OTKJOHeEHHe PUKCHPOBaHHbIX YaCTHIL OT HCXOMHOTO MOMOKeHHA. 
) CBA3H C 3THM pellleHHA cHcTembI (1) NpuHrogxHbl TOMbKO AMA Toro JMana3zo- 
a ¢t, B KOTOPOM OTHOCHTeJIbHbI€ paMalbHble cMeulenna r’/r P~uKCHpOBaH- 
DIX 4aCTHU MaJibl. Uerseproe ypaBHeHve cucTembl (1) no3BomseT BBeCTH 
MYyHKUHIO TOKa» %p, ONpeyessemy!lo paBeHCTBaMH 


4 ap kar te, 
Cormemcgr is UST CGEM OeL: Ma 
YHKILMA t B CHy NepBbix Tpex ypaBHeHHii cucrembI (1) yaoBseTBOpseT 
'DaBHEHHIO 
Ta 1 apy , 1 op 91 ap 
: or E (— a) oar | + 40 rom. 0. (3) 


YpapHenue (3) Monyckaer uacTHble pellleHHA Bupa 
p = or Be" "W(X, R); x=1r,X,r=r,R, B=const. (4) 


mech V(X, R)— jeticrBurenbHaa dyHKkuus; & — JelicTBuTeMbHaA HIM YHCTO 
(HHMaA KOHCTaHTa; f,—XapaKTepHas KOHCTaHTa pa3MepHOCTH JVIMHDI. 
SXyHKuNA V(X, R) ynopjeTBopser ie. 


10 oY eh 
(1 ae aes R 0X2 ale (= SR = 0, it -(5) 
| Bpeyem Bpmecto X tlepemenHyi0 
E =|k|X/VIT+FRT: (6) 


| Rs ts 


_ * Vcxogupie pesyintTaTHl aHHoli paOoTs OpiH JONOx*KeUbI aBTopoM Ha I BcecoiosHom cpesze 
© TeopeTH4ecKOH H MpHKNaqHol mexaHHKe 13 | 1960r, 
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IIpu 9Tom ypapHeHve (5) NpHMeT BHA 
1ow , BUA +H) O71 OW) _ 
R ax aya eaR (Re aR) = 9 ce 


Ypapnenne (7) aBsiseTca ycnopvem cyulecTBoBpaHuA cbyHkunn O(X,, R) 
olpeesIAeMOH COOTHOUIEHHAMH 


a> 1 oY om wt A ee A OW (8 
OX, RGR* OR” [KBP G4 HOR Oxy 
MyxKkunn OM yyopseTBopxAeT ypaBHeHHIO | 
em , * hk? (1 + k?) = ( 0 * 9| 
R Ox [| |4 + #?| OR ROR wis ( 


B cayyae uncto MHuMoro k= ik, B paBeHcTBe (4) HyxKHO OpaTb jet 
CTBHT@JIbHYIO H MHHMY!O 4aCTH: 


p = or BY (X, R) cos 2k,ot, (104 
p = or{B¥ (X, R)sin 2k,ot. (iy 


SametuM, uTO Kpaepoe ycnopue dp=O gna pemenuii ypapnenus (3) 
XapakTepusylonlee YCJOBHE HEMpOTeKaHHA KHKOCTH Yepes HeH3MeHsAeMyKd 
BO BpeMeHH TpaHHly, OYeBHAHO, NepexoguT AA pemennii Bupa (4), (10) 
(11) B KpaeBpoe ycuJoBne d¥ (X,, R) =O Ha mpeocOpa30BaHHOlt B CHsY COOT 
HoWeHHH x =r,X, r=r,R wv cooTHoweHHA (6) rpaHHue nockocTH X,, R 
IIpu pelictputenbuom k>O cootHomenns (6), (7), (8), (9) npumyT Buy : 
kX k x 


pe A Re LIES 0K 12) 

sea (4 Be Tg ee ae (12) 
1ev asi av | 

R axe t ar (R Fay eae (13) 
a> 1 ov mt ow, ea 
aX, ROR | IR Er oe (14) 
emo , a a@ t 

R axa tar (R aR) = 0. (15)} 


StH ypaBHeHHA COBMagxawT C ypaBHeHHsAMH NOTeHILHaJIbHOrO OCeCHMMeTpH- 
yeCKOrO JIBHXKCHHS HeECKHMaeMOH MKHAKOCTH Cc NoTenunanom M(X,, R) cKo-F 
poctei wu dyHkuveh V(X,, R) toxa. Ypapnenne (15) ana @O sapasercat 
ypapHeHvem Jlannaca fa ocecHMMeTpHuHOrO cylydan, T. e€. ypaBHeHHeM 
QNIHMTHYeCKOrO THNa. ComoctaBiasd cooTHoueHHsA (1), (2), (12), (14) uf 
TpeOy BbINOJHeHHA TOK ecTB p=O0, p’=O0 npn tf = —oo, nonyunm Jaap 
pemenui Tuma (4) npu k > 0 


p’ = —2V1-+ Rp (or,)?BD(X,, R)e*". (16 
[Ip MuuMomM & = ik, (Rk; > 0) BO3MOX%KHbI JBa NPHHUNNHaNbHO pa3zin44 
HBIX cyyand. TIpH k, > 1 coorHomenne (6) npuMert BUX: 


X, = 4 _ = 4 (17) 


Ve—1 Vea 

a cooTHomeHus (7), (8), (9) CHoBa NpuBesyTcH K cooTHOWeHMsM (13), (14),} 
(15); 3aqaua BHOBb cCBefeTCH K HCCeEAOBAHHIO MOTeCHIMaJIbHbIX JBH2KeHHH.} 
Ucnonp3ya coornomenua (1), (2), (14), (17), nonyaum Asia p’, COOTBETCT-F 
BylouleH (10): p’ = — 2V Rk? — Ip (or, BD (X,, R)sin2k wt, a ana p’, coor-} 
BetcTBylomen (11): p’ = — 2VR—1 Ip (wr,)?BD (X,, R) cos 2k, ot. | 
IIpu mMuumMom k = ik, u O<k,<1 cootHomenus (6), (7), (8), (9) npu- 
MYT BHI: | 
x, bak ky Sys. OSE 8 (4 ao 0: 


OV tage Vi-# ee re" R aX? OR 


R OR 


a aes = SS > 2 Lk.OR 
Oi] R OR* OR ROX,’ Xs Ae 
Bropoe u yeTBepToe ypaBHenna (18), yxKe ABIAIOTCA ypaBHenusmu rumep6o- 
AueCKOrO THIa, AaYeTBeEpTOe ypaBHeHHe Jia D—ypaBHeHveM LHIMHApHuecKHx 
1H. AHaNOrM4Ho Npesbiyuemy, MovryauM pia p’ B Cryuae papenctsa (10): p’= 
= — 2) 1 — Fp (or,)*B@O(X,, R) sin 2k,ot M B cyyae paBenctBa (11): p’ = 
= —2V 1 —R?p(or,)BD(X,, R) cos 2k, wt. 
_ PaccmotpHM HeKOTOpble 3afauv, cCBOMAMHeCA K pellleHMioO ypaBHeHnnii 
imuntTuyeckoro Tuna. [lyctb B GesrpaHHdHO, MepBonavasbHO Bparlaw- 
eich Kak TBepfoe TeNO XAKUAKOCTH B HallpaBeHHH OTPHWLaTeNbHOL OcH x 
BHXKETCH OCECHMMETPHYHOe H CHMMeCTPHYHO PacnosOxKeHHOe OTHOCHTebHO 
SH xX TeJIO C MaKCHMAJIbHbIM PpajlHaJIbHbIM Pa3MepOM fy; YPaBHeHHA ero 
SpasyioujuX B CHCTeMe KOOPHHAT, CBA3AHHOM C TeOM, 3ajlaHbl B BUze 


poe dee eds 4) avi ope a(R $e) =0. (186) 


Tyir/r), *=—Tfe(r/r.). Thycrs up t=—vco v,=0,=0, 
9= OF, a CKOPOCTh JBMXKEHUA Tesla MeHAeTCH MO 3aKOHY 
Voo (ft) = Bwr,e* (8 =const, &>0). (19) 


-cucTeMe KOOpAWHaT xX, Ff, CBA3AaHHOH C TeOM, Nomyyaem culeqyiouty1o 
paepylO 3afauy AIA pemennh V(x, r, ¢) ypaBHenua (3): 


eof, eos 0, (xr, 1)=0 npu x=2,f,(r/ Pr), X =—fa(r/t,); 
NIpH Vix = i> CO a a —> Vien (t) = Saree, (20) 


PemieHve 3ajaun ualigerca B cbopme (4) u OyyeT yOBMeETBOpATh ypaBHe- 
MAM (12), (13), (14), (15) mpm Kpaesbix ycoBHsAx: 


k ; 
M (X4,5R) = 0 mpu X, eaecraiae rs REY iy Stee fo (R); (21) 


xn "egget 
ee eo er ae 7) pk h REE RTS os. (22) 
Tlonyyaetcn 3ayqaua 06 OTbICKaHHH «PHKTHBHOTO» TMOTeHUMasbHOrO OOTe- 
aHHA Tesla, 3aaHHoro ypaBHeHHsmMu (21), MOcTyMaTebHbIM MOTOKOM co 
KOpOcTbiO Ha GeckoHeuHoctn OM/OX,=—1. pu srom sBpmuucnenne japue- 
Wii JlONKHO MpowspozuTpen mo dopmyse (16), HO c 3ameHOH cbyHKiHH 
(X,, R) wa cynxunw O,(X,, R)=D(X,, R)—X1; Mocnesquaa 3amera 
ealusyeT BOSBpallleHNe K HeMOABHXKHOM cucTeme KOopfuHaT. Muterpupys 
O Tey MpoekiWlHIO CH aBJIeHHA Ha MONORKUTeEMbHOe HallpaBsenue oOcu x, 
OJYUHM AA cuabt D compoTurmeHuaA BbIparkenHHe 


pescren tw igi tig: d 
D = 2V 1 TR Buw?r 2! M(k) = Vt M (k) 


ee 
amy (23) 


1b) —2aer\ 0, Fresenius ®, ae 


i A] o 
_ OvesuzHo, M (Rk) aBasetcH «mpHCoemHHeEHHOH Maccol» B OOKIHOM PHpo- 
4HAMHYeECKOM TIOHHMAHHH 2TOrO TepMHHA (*) WIA MepeMeuleHH BYONb OCH x 


fa(R) R | RAR. (24) 


k r 
‘ia, oOpa3y1oulne KOTOPOrO WMeloT YPaBHeHHH xX = Viste Colt (—) 
d j = fe 0 


k wf 
Se fe = Ts €. CMATOLO. 8 HalpaBJIeHHu OCH X HUCKORHOTO 
Vite Nn!’ 


ia. XapakTepHbIM MacilTaGoM: BpeMeHH JBH2KeHHA Tesla MOXKHO CUMTATb 
JOMEXKYTOK BpemMeHH T,=—1/kw v3MeHeHHA BeMunHbI Vo B e? pas npH 

iBucumoctn (19). Bpemsa nosopota Ha | pafwaH pH yrsoBolt cKOpo- 

‘uo paBHo T,=1/. Takum o6pa3om, R= T,/7T,. IIpu k-> oo ypaBue- 
fe (23) maer D = M (co) dV / dt. Oxesnaxo, lim M (k) = M (oo) ecTb «npu- 
; —>0Oo 


deMHeHHaA Macca» HefePpopmMupoBanHoro tesa. pu Manx k->0 Kpaespie 
cnoBus (21), (22) nepexogqaT B yCOBHA Nonepeyworo oOOTekaHuA ToTeH- 
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A\HaJIbHBIM «PHKTHBHBIM» IIOTOKOM Kpyrsioro jucka. Ouyesuyquo, quia Te 
“mo6olt (pPOpMBI BEIPaxeHue (24) gaa M(k) pn k-»O crpemutca K «up 
coeyquHeHHoH Macce» M(0) Kpyrmoro yucKa pafuyca fy, KOTOpaH, xké 
uspecTHo (’), papHa M (0) = */spr3. B cpasn ¢ sTHMMpu k— 0 rnapupii que 


AAA ad BbIpaxkaemoro cbopmysoH (26), Oyler: 


dV, 
SE TED Setponat ‘1 Cod th 198 co. 16 3 

D = — Bpew*rie reat WAS) Tare oe PS ae = ae POT Het (2 
®opmyvibl (25) NoKa3bIBaloT, YTO B BbIPaxKeHHH ia D uepes ycKopen 
dV../dt cTouT mpucoefHHeHHad Macca M(O) jucka, JeneHHan Ha R, ] 
CeLOBaTeIbHO, IPH MaJbIx Rk appeKkTuBHan «mpHcoeqMneHHad Macca» cTaHé 
BUTCH OYCHb OobUIOH. OueBHgHO, pellleHHA KpaeBOH 3aauH, XapakTep 
<3yemol’ ycnopuaMH (20), B3ATbIe Mp pa3sJIMUHbIX KOMOHHatHAX B H 
_MOXKHO CYMMHPOBaTb. OTO MO3BONAeT PeWIHTb 3afayy JIA MpOW3BONbHb 
3aKOHOB V.o(t), 3aaHHbIX B BHJe HHTerpasbHbIX MpelcTaBeHHH Bua 
Re # 
Voo(t)= or, \ B(k) ert dk, 0< hy <0, (2 

0 
rae B(2) — npon3BobHad PyHKUAA, ape he CXOAMMOCTb HHTerpa 


i 


H HeOOXOMHMMY!O MaJlocTb BeMYHHEI Vo(t)/@,-,. Hpu stom ana nomyyeHy 
CHJIbI COMPOTHBJICHHA HY2KHO MpPOHHTerpHpoOBaTb: COOTHOWeHHe (23) 
Re 
De 20°F | B(k) V1 +R eM (Rk) dk. (2 


0 
Ecnw B HHTerpasibHOM mpegctapnenuu (26) k,<1,k,—0, To (27) ph 
HCHOb30BaHHH paBeHcTB (M(0)=8®/spr%o) u ne IIpHMeT BHI 
Ro 
D = +3 pers \ 8 (k) erkot de = 19 porsv_ (2). (2 
ny 
VWuterpambHoe npefcraBsenue (26) mph k,<lI1 BO BCHAKOM Cay4ae BO 
MOXKHO JIA MPOH3BOJIbHbIX WIaBHbIX JBHXKeHHH Tela H3 COCTOAHHA MOKOF 
(IPOTAMKCHHOCTb KOTOPbIX BO BPCMCHH 3HAYHTeIbHO OOJIbUIe BpeMeHH TIOB 
pota Ha | payquaH c yrnoBol cKopocTbio w. Popmysa (28) noKa3piBaeT, UF 
id TaKHX JBHXKCHHH HMeeT MECTO COBePIeCHHO OPHrHHaJIbHbIH 3aKOH compd 
THBJIGCHHA: COMPOTHBJICHHE 3aBHCHT TOJIbKO OT MAaKCHMAaJIbHOrO payHaJIbHOr 
pa3Mepa Tesla HW ero CKOPOCTH B JlaHHbI] MOMCHT BpeMeHH. | 
B pa6otax (°, ®°) coBeplieHHO HHbIM MeTOJOM paccMOTpeHa YacTHaA 3an# 
qa Oo BwHKeHHH MpH ¢ >O0 c NnocrosHHOH cKopocTbio V, = const cep pF 
Auyca rf, B X%KHAKOCTH, KOTOpan npH t=O Bpaliianacb c yrmoBoh cKOp@ 
cTb1Io wo. Jina conpoTruBpnenux D nojyyeHoO acHMNTOTHYeCKOe BbIPaxKeHHe 
lim D = **/; pwrsV,. S70 BbipaxkeHHe corjacyeTcA C OOUIMM 3aKOHOM, BbIp¢ 


too 


*KaeMbIM dopMyvion (28). 
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rTHIPABHKA 


Yr. MACKAJ 


NEPEXOAHOE TEYEHHE FA30B B MAIrHCTPAJIbHbIX 
TPYBONMPOBONAX 


(ITpedcmaeaeno axademuxom JI. H. Cedoeoim 15 VIII 1960) 


_ [ina pelieHuA MHOrUX 34a4u, CBA3AHHBIX C Mepeaueli rasa B MarHcTpaiib- 
BIX TpyOonpoBofax, HeoOxoJHMO H3y¥eHHe MepeXOMHbIX P@KHMOB TeveHHA. 
ak, HallpHMep, OlpefesieHHe BPeMeHH BOCCTAHOBJICEHHA aBJIEHHA B KOHeuHOM 
ouke TpyOonpoBosa NMocie sakpbITHA BeHTHMA MpelcTaBseT NpakTHuecKoe 
HayveHHe B 3afauax ABTOMATH3aIIMH MepeHoca »xHAKOocTeH. M3yyenne nepexon- 
IX PeKHMOB J\aeT TAKKe BOSMOMKHOCTh NOCTPOCHHA MpakTHYeCKUX METONOB, 
ZOOHBIX [WIA OMpeAeJieHHA IyTeM CpaBHUTeJIbHO MPOCTbIX BbISHCJIeEHHH PrHApo- 
HHAMHYECKUX XapaKTepHCTHK TpyOonmpoBosa H (PU3H4YeCKHX CBOHCTB NMepesa- 
AeMBIX MKHKocTeH. OTMeTHM, HalpuMep, onpefeeHve evcTBHTebHOrO 3Ha- 
HHA KOS@PHUMEHTA TPeHHA, KOTOPHIN Ip TypOyJIeHTHOM Te4YeHHM 3aBHCHT, 
pome uvcna Peiinoubica, TakxKe oT sddeKTHBHOM WiepoxoBaTocTu Tpy6onpo- 
oa. Ha npakTuke Takoe onpejlesenve HaTaJIKMBaeTCA Ha OVeHb OOVIbIIHe Tpyd- 
(OCTH, TaK KaK UlepOXOBAaTOCTh TpyOoMpOBOLOB H3MeHACTCA BO BPeMeHH H3-3a 
(Oppo3sHoOHHOrO HW aOpasHBHOrO elCTBHA NepeHOCHMBIX %KHAKOCTeH. 

_ B ruyposunvamuyeckux pacueTax JA yCTaHOBJIeHHA MapameTpos, oGecne- 
MBalollHX MepeHoc KHAKOCTeH B ONTHMAJIBHbIX C 9HEPreTHYeECKON TOUKH 3peHHA 
CJIOBHAX, BBOJATCA 3HAYeCHHA Gu3sH4eCKHX CBOHCTB Ha OCHOBaHHH aHain3a 
[poO OUeEHb MAJIbIX Pa3sMepPOB. 

EctTecTBeHHO, 4TO NOJIYYeHHbIe TAKHM IyTeM 3HAYeCHHA He OTPaxkKaloT eHcT- 
MTCJIbHbIX, TAK KaK B MArHCTPaJIbHbIX TpyOompoBosax, BOOOMLe roBOpA, ocy- 
IeECTBJIACTCA MepeHoc HeOAHOpoOAHHIX cmeceli ra3oB. II]pH nomonyH MeTOAOB, oc- 
(OBAHHbIX HA MATeEMATHYECKON OOpPaOoTKe peSyJIbTHPYIOULMX JaHHbIX 3aMepoB, 
[POH3BeJeEHHbIX B TpyOompoBosxax MpH NMepexoOMHOM TeYeHHH, MOXKHO YCTAHOBUTb 
peHue JeHCTBUTeIbHbIe 3HAYeHHA (PU3M4eCKHX CBOMCTB, OTHOCALMeCA KO BCeH 
JIMHe WM, CJIeMOBaTeJIbHO, KO BCemMy OObeMy TPyOoNpoBosa. 

B HactTosuleH paOoTte MbI OyfeM paCcCMaTPpHBaTb 3aady pocTa JMHamuHye- 

KOrO aBJIGHHA B MALHCTPaJIbHOM Ta30BOM TpyOoMpoBose Mocie OCTAaHOBKH 
pHTOKa K eFO KOHeYHOM TOKE. 
- Ecam paccmatTpuBatb Cilyual TypOyleHTHOrO TeYeHHA HW MPHMHATb AIA CKO- 
OCTH cpefHee NO 3HayeHHIO CeyeHHe, TO HecTalMoHapHoe TeyeHHe Oe3 yueTa 
(eIMHeMHOrO MHEPIWHOHHOrO YWieHa, 3HAYeHHeEM KOTOPOrO MOXKHO MpeHedpeyb, 
IpelesHTCA CHCTeMOH ypaBHeHHi 


Opes ov Kv? Op __ 0 (pv) 
See ee 5 


ot igo 


qe p — aBsmenve, v — cpeqHAa TO ceyeHHIO CKOpocTb, d — Anametp Tpy6o- 
[Ipopoya HW A — rufspaBsMuecKHH KOSPDuIUMeHT TpeHUA. 

_ Kak RokasaHo B paoote (1), Quid MarHCTpasbHbIX TpyOoMpOBOAOB, A.IHHbI KO- 
OPbIX MOpAKa COTeH KHJIOMETPOB, BJMAHMe Ha TeyeHHe Wena Gv/Ot NpaKTH- 
leCKH He3HayHTeJIbHO. | 
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Vurerpuposanne cuctempt (1) 43-3a HeJIMHeHHOCTH ypaBHeHHH HeBO3MOxK 
OCYHLECTBUTb H3BeECTHbIMH MeTOMaMH, WH JIA MOyYeHHA yROOHLIX JIA TpHM 
HeHHA PpesyJIbTaTOB HEOOXOMUMO PelHTb 3aqayy npHOmMxKeHHO. Jia mHHeap 
3ailuu cuctTemp! (1) 1pHMeHHM HCNOJIb3OBaHHBIM B paooTe (”) cnoco6, OCHOBaHHBI 
Ha MIpeAMoOKeHHU, YTO B HEKOTOPOM TMOAXOAALIMM OOpa3oM BbIOpaHHOM HHTe 
Basle H3MCHEHHA JaBJIeHHA yYpaBHeHHe COCTOAHHA PeaJIbHbIX Ta30B MOKHO 3 
MeHHTb 3KCMOHEHILHAIbHOM (YHKUMeH, a KBaLpaTHUHbIi wIeH C yyeTOM TpeHH 
MOXKHO paCCMaTPHBaTb KaK cpeHee B3BelWeHHOe 3HadeHHe Bua (ApU/2d)cp 

Jini MaJbix MepemayoB aBeHHA MpHMeHAeMbIe NpHOMKeHHA He TIPHB 
JKAT K 3HAYHTeIbHDIM NorpewmHoctam. Ilpu OombpuiMx mepenayax aBeHua, K 
TOpble YaCTO BCTPeyalOTCA Mp TeEYeHHH Tasos C OOIbIIHMU pacxofaMH HW MaJIbIM! 
j\MamMeTpaMH TpyOOMpoBOAOB, MOFpelHOCTH MOMKHO CYULeECTBEHHO YMeHbIUKT 
IipHMeHAA MO yaacTKaM NpHBOAMMbIe HWKe ypaBHeHHA TeYeHHA HM NOsb3yAc 
yCJIOBHAMH HelpepbIBHOCTH aBJICHHA WH pacxoa MIpH Mepexosle OT OfHOro y4 
CTKa K J[pyromy. 

CoracHo OJ y4eHHEIM B paOore (2) pesybTaTaM MoOxKeM HanucaTb ia yK 
3aHHbIX BBIMIe yCIOBHH ypaBHeHHs 

O*H 1 OH 0?Q 1 AQ 


at k of’ oxe k ot’ (2 


rae noctosHHasn k = n*d¥9 /2AaAQcp; Qcp — CPpeMHHH BecOBOH pacxoy; PyHKWH 
p 


ii (py = \ pdp, onpesenenHas B HHTepBae py << p< _P,, BbIpamkaeTca B Mpex 


Po 
MOJOMKeHHH UZSOTEPMHYECKOFO Mpowecca COOTHOIMCHHEM (*) 


H (p) a = (e%? — e%Po): (3 
B H & MMeIOT 3Ha4eHHs 
| ! ; 
) eee (Pq + Po) 108 (P| Pa | 4 
Px — Po 2gRTZ (e Pr _— e%Po) 


Po Mi Px — Upesesbl HSMCHEHHA aBJICHHA COOTBETCTBEHHO B HadaJIbHOM WM KOHeY 
HOH TOUKAaX TpyOonpoBosa; T—cpequasd Temnepatypa u Z — sakTOp OTKOHEHU 
oT 3aKoHa Bolas — Mapnortta. 

B cayu4ae aMHHapHoro TeyeHuA KoodppHuHeHT k, oveBHAHO, He 3aBHCHT OT 
pacxofla HW paBeH k = d?/32 a (wu — Ba3KkocTb ra3a). Ja TypOymeHTHOrO Te 
YeHHA B OOACTH, Aid KOTOPOK CipaBeIMB KBapaTH4HbI 3aKOH, KoopPpuUH 
e€HT A 3aBHCHT TOJIbKO OT WePpOXOBAaTOCTH HW He 3aBHCHT OT 4MCVIa PetHouwbsca. 

Hue Mbl Oyem paccMaTpHBaTb CJlyyai TpyOonmpoBoga, NuTaemoro OT ra3o- 
BOrO Me€CTOPOMAeCHHA, KOPLa AaBeHve B HadaIbHOM TOUKe Mocsie NepepbiBa IpH- 
TOKa K KOHeYHOH ToUKe (MpesMosaraeM, 4TO BEHTHJIb 3aKPbIBaeTCA MFHOBeHHO) 
ocTaeTca MocTOAHHbIM. B KayecTBe HauaJIbHOrO YCJIOBHA MpHMeM, 4TO TeyeHHe 
JO MOMeHTA 3aKpbITHA OblvIo cTalMoHapHbIM. Takum o6pa3om, MbI lipesqnosara- 
€M, TO B HavaJIbHOH TOUKe a3 TeveT Ip MAKCHMAJIbHOM pacxojle, COOTBETCTBYIO- 
ULeM PasHOCTH MexXLy aBJICHHeM B STO TOUKe MH aBsIeHHeM B KOHeEYHOH TOUKe 
TpyOonpoBofla; 3HavYeHHe STO Pa3HOCTH COOTBeTCTByeT pacxoy B KOHedHOH 
TOUKe TpyOonpoBosa B MOMEHT 3aKPbITHA H CTPeMUTCA K HYJIIO Nocwe Toro, KaK 
aBJeHHe B ITOH TOUKe CTAHOBUTCA PaBHbIM JaBJIeEHHIO B HadaJIbHOH TOUKe. Oue- 
BUHO, 4TO MbI paCCMaTPHBaeM MpeAeJIbHbIN Cy4aH, TaK KaK B JeHCTBHTeJIbHO- 
CTH PpaHH4Hble yCJIOBHA B HadaJIbHOM TOUKe MOryT H3MeHATLCA OT NOCTOAHHOTO 
WaBJIeHHA JO pacxofa yepe3s STO CeyeHHe, paBHoro Hyvito. Jia cmyuaa, Korga 
B HauaJIbHOH TOUKe TpyOompoBona W\aBJIeHHe H3MeHAeTCA BO BpeMeHH (Tocue 3a- 
KPbITHA BEHTHJIA B KOHEYHOM TOUKEe), BOMpoc paspemiaerca BG Ae TIpHH- 
muna Cylepmo3sviuu, Tak Kak ypaBHeHua (2) sMHeHHBI. 

YUUTHIBAA ITH COOOPAaKeHHA, CBOUM 3aauy K pellleHHto napaGonueckord 
ypaBHeHHA CO CJIeELYIOULMMM TpaHHYHbIMH HM HavaJIbHbIMH YCJIOBHAMH: 
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& oH . . 
ae cil pte ANE THAer tye 11 be a 

bn fiz 0 

’ H — H ‘ 
» Berea Ho. (5) 
_ Vives 8 Bugy, 470 mpu GeckoHeyHoM ¢ jaBeHNe AOMKHO 6bITh KOHeUHBIM, 
H BBOUs GespasMepHbie BeNHIHHDI H=-F ites a, x= +, fs S MO2KHO 
’ eattes j 


HalHcaTb pellieHve ypaBHeHuA (2) Kak Sucilehas H3BeCTHbIX WaCTHBIX 
pewenuit B Bue 
oo 
Pee) =o, +ax+ > eae nok) eon 6 
7+) =a, + oy Di (An cos nax -+ by sin nax)e ; (6) 
7 n=0 
re Kosmpunenthl ag = 1, ay = 0, 0, = U0 UH a, ONpefensioTcaA pa3sox%KeHHem 
B paq Dypbe dyuKunh f(x) = x—1. Tlocne uspectupix npeoOpa3sosannh, 
soTOpble 3yech He NpHBOYATCA, MoOsyYHM 
Qam414 = — 8/n? (2m +4 1)?. 
; YuutTpipan cooTHomenue (3), MOxKHO HanlucaTb 


nm 
et? _ o%Pa - Ss cos Mam (2m + 1) xl emt a ie 


(2m + 1p (7) 


e Laps hs m=0 


WJM, TOce NOACTaHOBKH Pa3HOCTH aBJIeHHA (p,— Po) B 3aBHCHMOCTH OT 
BeCOBOrO Pacxoa AO 3aKpbITHA, Mpesnonaraa Q.<p = Q, HMeeM 


gd? OH g7d'xB 
Qi hy Via Oe (ens are, (8) 


a JIA pocTa faBeHHs B KOHeCYHOH TOUKe TpyOonpoBofza x =O nosmyuaetca 
ypapnenue 


eo (am--1)* mht /al* 
Qm + 1)? 


foe) 
apy ap 64 Q2Ala »> 


€ wre mid® 9? mm (9) 


Jlerko 3aMeTHTb, YTO CCH YYeECTh COOTHOMECHHE 


= cos4/2n(2m+1)x/l x x v 
a (2m + 1)? ars (1 3) npu ¢ = 0, 


TO HavaJibHoe ycioBve GyeT yOBNeTBOpeHO ypaBHeHnem (7). 
Tak Kak JJIAX 4HCMeHHbIX pacueTOB B HeKOTOPbIX MpaKTHYeCKUX CJIyyanx 
MOCTATOYHO OFPaHHYAThCA C XOPOLIMM MpHOIWKeHHEM TOJIbKO NepBbIM UJIeEHOM, 


TO ypaBHeHue B NowsylorapudmMuyeckHx KoopsHHaTax (9) NpescraBaerT mpAMyto 
: mt? Rk 
AMHHIO C TAHTeHCOM yrJla HakJIOHa i = ~-7z, OTCeKAIONLy!IO Ha OCH log (e%?x — 


, 64 Q?Ala 
a Po) OTPe30K A= igs 
MOWLH UYBCTBUTebHOrO AudepeHiMabHOrO MaHOMeTpPa H3MeHeHHe WaBJeHHA 
BO BP€MeHH B KOHEYHOM TOUKe MOCJIe 3aKPbITHA BEHTHJIA, MbI CMOxKEM Olpese- 
AUTb IPH MOMOML MpHBeeHHbIX BbILIe COOTHOMeHHH JeiCTBUTebHbIe 3HaYeHHA 
KosppunveHToB A uw a MH B. 

Ilepegq pacueTHbIM MeTOJOM, B KOTOPOM IipHMeHAeTCA ypaBHeHHe CTalMoHap- 
fae TeYeHUA, MpesOrKeHHbIi CNOcoO HMeeT TO TIpeHMyulecTBO, 4TO Tlosy4aemoe 
HaveHve THApounamuyecKkoro KosppuuneHTa TpeHUA OTHOCHTCA KO BCel JWJIH- 
He TpyOOMpoBosa 3a UCKJIOUeHHEM 3OHHI Pas/IM4HOM WepoxoBaTOCTH Ha Mocwey- 
HeM eFo yuactke. BuiuaHne 3TOi 30HbI Ha pOcT aBJIeHHA BO BpeMeHH, BbISbIBAIO- 
mee OTKJOHeHHe 3aBMCHMOCTH B MouJysorapHdpMuyecKHX KOOPAHHAaTAaX OT JIH- 
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CyreoBaTesIbHO, 3anvcbipad rpaduvyecku pu mo- 


HeHHOH, MOMXKHO HCKJIOUHTbh OOpaboTKoi pesyulbtaToB 3aMepoB, MOJIb3ysxic 
y4aCTKOM KPHBOM, KOTOPbIli CTaHOBUTCA MPAMOJIMHEHHBIM Yepes HeKOTOPO 
BpeMa Moce NpekpallleHHA MPpHTOKa B KOHe4YHOM CeveHHH TpyOorpoBona. 

ComocTaBJIAA HalieHuble 3HaYeHHA MPH MOMOULM MeTOJOB BOCCTaHOBJIeHHS 
WaBJIeCHHA H CTalMOHaApHOrO TeYeHHA, MOMXKHO NOJIYYHTb WeHHbIe yKasaHHsi 
CONPOTHBJICHHK TeYeHHIO MO BCeH AWuHE TpyOompoBOLa OTHOCHTeIbHO NMOCTeL 
Hero ero yuacTKa. . 


0 4 8 12 16 20-103cex 
Puc. 1 


Ha puc. | npescraBeHo yBeH4eHHe JaBJIEHHA BO BPeMeHH JIA MarHcTpasp- § 
Horo TpyOompoBosa co CleAyIOULMMH XapakTepucTHKamy (*): d= 0,5 M; Q = 
=30 xr/cex; A= 0,012, py =50 ata, py = 25 ata x /=300 kM, 4H, CefqoBa- 
TeJIbHO, BP€MA CTAOHJIH3aLHH, T. €. BPpeMA, HeOOXOLMMOe AVIA YpaBHOBelUHBa- 
HHA JaBJIeHHH, paBHO MmpHMepHo 7 4ac. 


Hay4Ho-HecsieqOBaTesIbCKHH HHCTHTYT Tloctynuuo 
m0 6ypeHHIo H OOpue 15 VIII 1960 
Koemnuna, Pympinckat Hapogyaa Pecny6nuka 


UWAHTHPOBAHHAA JIMTEPATYPA 


1VY. A. UVapupit, Heycranopupimieecs JBHxKeHHe peabHOM KHAKOCTH B Tpy6ax, 1951. 
2H. A. Dapuuit,| Has. AH CCCP, OTH, Ne 6(1951), *B. H. Apasun, C. H. 
Hymepos, TeopuHa 2BHxKeHHA %KHAKOCTeH H ra30B B HesepOpMHpyemMoH NOpHcTou cpese, | 
M., 1953, crp. 396. 4A.C. Cmupuos, A. YW. Cupoxosceknit, Joodpnma u tpaxc- 
nopt rasa, 1957, crp. 294. 


Jloxaagn Akawemun nayK CCCP 
1964. Tom 137, Ne 3 


CTHIPABJIHKA 
A. E. CMOJIJ{bIPEB 


i Ob OCHOBHbIX 3AKOHOMEPHOCTSAX ABYOKEHHS 
rHAPO- HW AIPOCMECEH B TPYBAX 


(II pedcmaeaexo axademuxom IT. H. Ilempoesim 27 X 1960) 


1. B 3aBucumocTH oT AucHepcHoro cocTaBa FOpHble MOPOsb! B CMeCH C 2KHA- 
KOCTbIO HIM Ta30M OOpasyl0T pa3zH4HbIe JBYXKOMMOHEHTHBIe cpesbl. HanGoviee 
pacnpocrpaHeHHbie H3 HHX — TOHKOMNCHepcHble (YacTHuD! 0,03—0,15 mm) 
4 rpyOoyucnepcupte ("actu 0,15—2,0 mm) cycneH3HH, a TakxKe HeoHOposApie 
Aucnepcupie (uacTHub! Goslee 2,0 MM) H NOHANCHepcHbIe CHCTeMBI. 

- B npaktwyeckux mpHsowKeHuAX — B MepByl0 Ovepedb At PHA paBsMyecKoro 
M IllHeBMaTHYecKOrO TpancnopTa — HMelOT BaxKHOe 3HaYeHHe Be 3aaun: pac- 
WeT FH paBsHYeCKHX CONPOTHBJeHHH HW OMpeseeHHe MaKCHMaJIbHOH TpaHcnop- 
TUPyrouleH cmocoOHocTH noToKa. TouHoe pellleHvHe 9THX 3aad MOXKHO NOJYYTb 
TOJIbKO H3 ypaBHeHHit THAPOMHHAMMKH HeOLHOPOAHOK wuAKOcTH. PaccmoTpe- 
Hue (1°) nokasbiBaeT, 4TO CTPOrHii TeopeTH4eCKHH AHAaIM3 OKA3bIBAeTCA 3)eCb 
OeccHbHEIM. B HacTosleH paOoTe CyeaHa MOMbITKa NOJYYHTb WpHOMHKeHHOe 
pellieHHe yKa3aHHbIX 3aau JIA OTMeIbHbIX BHOB THpo- HM azpocmeceili. 

2. Ja paBHomepHoro H cTalMoHapHoro B NoMepeyHoM CeyeHHH TypOyvieHT- 
HOrO MOTOKa HeCKHMaeMOM XKUAKOCTH, Hecyulero JOCTaTOUHO MeJIKHe TBepsble 
WaCTHIUbI, H3 YpaBHeHHii ocpeHeHHOro JBHxKeHHA (*) MpeoOpasoBaHHem Ux 
K Oe3pa3MepHOMY BHJY MOKHO NOJYYHTb KPHTepHabHoe ypaBHeHHe 


Pit== (Ke, Fro Hr’, .8,..6,, a), (1) 


re Eu—uncno Sinepa; Re—uncno Petuonpyca; Fr u Fr’ —uucno Ppyna 
COOTBETCTBEHHO JWI MNOTOKA HM UYaACTHI; S—ocpeHeHHad KOHWeHTpalHa; 
§=d/D; a=(p,—Po)/Po; d uw D—pasmep vacTun u MoToKa |(3fecb HM Ja- 
Jee HCHOb3yIOTCA OOWENPHHATbIe OCOOSHaYeHHA); 3aMeTHM, YTO eCJIN CHJBbI 
CONPOTUBJICHHA BbIPaKaloTcH MO 3akoHy Crokca, TO B ypaBHeHHe (1) BMecToO 
Fr’ uw @ BoligeT kputepuit Apxumega Ar = gd°a/¥". 

Jina OTMebHbIX YCNOBMH MpHOmHKeHHOe ToOMoOvHe ABNeHHH MNepeHoca 
TBEpbIX WaCTHIL MOXKHO MOMYYHTh, eCH COOIOCTH TOCTOAHHBIM COOTHOLIe- 
HHe CHJI, JeHCTByIOUIMX Ha UacTHIbI (HallpHMep, OTHOLIeHHe CH TpeHHA 
FACTHIL O CTEHKH K MACCOBOM CHJie HHEpIHH [JIA HaTypbl WH MOjJeH H Op.). 

Jia BOCXOJANIMX NOTOKOB THApO- WH aspocMeceH, IPH YyCJIOBHH BJIMAHHA 
ia [IBYxKeHHe TpaBMTalMOHHbIX CHI yacTHUL, ypaBHenue (1) npuMeT Buy 


Bit==/@, (Re; Et 4 Sa), (2) 
ye Fr° = gD /(u— u,)*; s=p AA WHeBMaTHyeCKOrO TpaHcnopta; u, — cKO- 


? 
JOCTb CTCCHCHHOTO TafeHHH YaCcTHL. 
aa TOPH3OHTaJIbHbIX TPOTOKOB HEOJHOPOMHBIX JHCHePCHbIX CHCTCM IIpHu 
7YCJIOBHM IIPCMMYyIeCTBeCHHOTO BJIMAHHA Ha JBUACHHE CHJIbI] TpeHHA YacTH 
) HH2KHEIOIO CTCHKY MOTOKA 


Eu = 3 (Re, ie S, a), (3) 


ye {/ — oO0OWieHHBI KOIPuUMeHT TpeHHA WaCTHI. 
| Jina rpyOofucnepcupix cycneH3vii pH ycnopun MNpewMyilecTBeHHoro 
JIMAHHA Ha [BH2KeHHe rpaBHTallHOHHBIX CHJI YaCTHIL HM %KHKOCTH 
Bila @,( Rew l el he, Sy / 0). (4) 
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Jina TOHKOMNCTepCHbIX CyCcNeH3HH Mp YcOBHH MpeHMyllecTBeHHOro 
BAMAHHA Ha JBYOKeHHe CTeMeHH HaCbIeHHA 2KMAKOCTH 4aCTHIaMu 


Eu = 9; (Re, $s, 2). (5) 


IIpu MHEBMaTHYeCKOM TPaHCcMopTe, KOra CYUWLeCTBEHHO CKa3bIBaeTCH BJINA- 
HHe rpaBHTaWMOHHbix CHJI MOTOKa, 


Eu ==, (Re, r, u, 2). (6) 


3. Uicnomb30paHHe KpHTepHaJibHbIxX ypaBHeHHH id OOpaOoTKH 3KCHepH- | 
M@HTAJIbHbIX JaAHHbIX WeslecooOpa3Ho CoveTaTb C MpHOJIMKeHHDIMA ypaBHeHHA- | 
MU OaslaHca 3HepruH. Cueqya (?,°), paccMOoTpHM paBHOMepHoe ABHxKeHHe B Lo- | 


| [+1 04 #7 of 
QOS | 22 a5 08 aff 
t of y6 x9 


ES SERGE, i 

Dd  Q0t 02 G03 00k 005006007“ G0R—« 008 0 Oly 
CF as ; ; 
Puce 


PH30HTAIbHOH TpyOe MOHOAHCNepCHbIX Cpe MPH ycJIOBHH, KOT,a MaKCHMAJIb- 
Had TPaHCNOpTHpyloulad CMOCOOHOCTb NMOTOKA MOJHOCTbIO He peaviusyercs. 
Hckomble ypaBHeHHA WIA MVIOCKOM 3aauH MOXKHO MOJYYHTb M3 ypaBHeHHA 
9HeprHu OcpesHeHHOrO JBYKeHHA AIA OO€HX KOMMOHEHT Bua 


E OP in dll, OM ;p, 
p2 «/—> Ax, ax, 2 Ax, 


i=1 k= 


jf i) 


ap, (iMes) Np PosXi |= 0 


iipeoOpasoBaHHeM ero Ha OCHOBEe ONpeevieHHbIX Mpelnoso*Kenni. 

B caydae mepemenleHHA TOHKORUCNeEPCHHX cycneH3Hi, 
BCJI€ACTBHeE MAJIOCTH YaCTHIL H y4YaCTHA HX B IyJIbCalMOHHOM ABHKeHHH *KHI- 
KOCTH, IipeqnovlaraetcaA, 4YTO B NoTOKe BOsOyxKeHHe BHYTPeHHUX ABUKeHHH 
TlepeMeWIMBaHHA SHeprHeH OCHOBHOTO ABHXKEHHA YCHJIMBaeTCA HaJIM4HeM TBep- | 
WbIxX “actu. Tora KoM4eCTBO 9HEPrHH, 3aKOUeHHOM B eHHUILe S/IeMeHTa 
MOoTOKa HM 9KBHBAJIeHTHOH paOoTe CHJI COMPOTHBJIEHHA, OOYCJIOBJICHHbIX JOMOJ- } 
HHT@JbHBIMH BOSOyKAeCHHAMH BHYTPeCHHAX ABHOKEHHH 3a CueT MPHCyTCTBHA TBep- } 


AbIX 4aCTHIL B TOM *e OObeME, Co (P, — Po) u, s(duZv’ , ,/dy). Ecnu TOJIOXKUTD | 


u,=U,uw0 ~u'o,a i=[(l—s)Xife+ teeta hay! TO ypaBHenue 3Hep- | 
THH TIpHMeT Buy 


—, — du'v' Ps — Py — du'v’ 
Sut —u CS =. 7 
if dy ° Po dy 7) 


Ypapuenue (7) npu y = D u ycaoBUN, 4TO s OcpesHeHO No BCeH TwyOuHe, 
jaeT B cormacun c (5) 


i = ig (1 + c,as), (8) | 


re tH io — YeNbHbIe NOTePpH aBJIeEHHA; Co— KOHCTAHTAa, YAHTHIBAIOULaA OCO- |! 
GeHHOCTH TepeMelliMBaHHA MOTOKa; HO H3MepeHHsM (aBTOpa AJA aHTpaluTa, | 
Jhiopanya qa necka, PusaToBa WA PMHbI WH Ap.) B Tpy6ax D = 25—250 mm | 
Coane 

B caygae mepemenleHHaA rpyOoqucnepcHH xX cycneH3suH 
TBepAble YACTHILbI COBEpuIaIOT CKAYKOOOPAasHble ABHXKECHHA, B OCHOBHOM He CBA- } 
3aHHble C TypOyJIeEHTHbIMH NyJIbCaluAMH. BJMAHHe UX Ha JBMKeHHe MpPOABJIA- | 
eTCA B BUe «NOATOPMaKUBAHUA» HOTOKA; NOABJIAETCA HOBAA (POpMa HalipAKeHHA 
TPeHMA B TOME, ArIaBHOe, BOMM3H HMKHeH CTEHKH MOTOKA. KosM4ecTBO 9HeEprHun, 
9KBUBAJIeHTHOM paOoTe MpOTHB CHJI COMPOTHBJeHHA, OOYCJIOBJICHHbIX OTHOCH- 
T@JIbHbIM JBYXKCHHeEM YACTHIL MO BepTHKaIH NOTOKa HW HOBOH PopMol HalpsAxKe- 
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HMA TpeHHA BOJIM3H HH KHeH CTEHKH, MOMKHO IIpeACTAaBHTh Tak: Cig (ps—po) U, X 
x SV bo; 8 o = 1/6, rae ci — KOHCTaHTa, yUHTbIBaIONLad OCOOeHHOCTH JBH- 
2KeHHA. 

VWs ypapuenua OamanHca sHepruH Bua (7), B cormacuu c (4), umMeem 


. i = ip +o, —*V 8p, c, = 0,38 —0,45. 


1 


_ Jlannpie usmepenuit B TpyOax D = 150—700 mm npuseeubi na puce. | (J — 
-aptopa; 2— Jiwpanya; 3, 4 uv 5—K«aumentosa; 6—//—Coneh nu Bannan). 


4 


KIT Mb HBIP 
nopodo! 


eee 
Hb C, 


oo 
e, 


epabuul 


ee ee ae PO, ae 


Aumpauum KamMexHen Nopodn, Uebe 
yeons 


8B cayyae nepememleHui HEORHOPOAHHIX AHCHeEPCHHIX CHCTeM 
KPYNHbIe YaCTHIbI CO3LaloT B HeEKOTOPOH OONaCTH NOTOKa BONH3H Ha NOsBAxK- 
‘HylO WepoxoBatoctp (°). «Topmoxenne» moTOoKa, BbISBaHHOe lepoxoBa- 
TOCTbIO, SABJIACTCH  OMpeeAIOIHM 4H 
TipakTHyecKH OfMHAKOBO JIA waCcTHU 
pasmepom 1,5—2 mm u G6ouee. Kosnuuecr- 
‘BO 3HEPruM, SKBUBaNeHTHOM paOoTe Mpo- 
‘THB CH COMPOTHBeEHHA, OOYCOBIEHHBIX, 
NOMHMO HacbiIIIleHHA WOTOKa y4aCTHILaMH, 
CHaMH TpeHHs| MexKy “WaCTHUaMH u CTeH- 
KOM NMOTOKa TIpM ABHxKeHMM HX CO CKO- 
POCTbIO Us, T. e. fg (Ps —%) uss. U3 ypa- 
BHeHMs OanaHca Buya (7) npu ycnoBuH 
U,~uU MB cCornmacuM c (3) uMeem: i= 
=i, + fas, rae jf =0,7—0,6 pana cBexe- 
ApoOseHbIx nopon; f = 0,6—0,5 yuna mar- 
KuX Nopos; f = 0,3 —0,2 ann ApobneHoro yran; f = 0,45—0,3 ana oKaTanH- 
HbIX nopom; jf = 0,2—0,1 gaa antpauuta. JlanHpie u3mepenuli B TpyOax D = 
=25—400 mM, mpuBefenbi Ha puc. 2 (1,2,5 nu 7— apropa; 3,4 u 8— Tpaili- 
Huca u Kopxaepa; 6 — Hesuta; 9 — Jiopanya; 10 — Yoctepa u Jleunn). 

B cmyyae JBHKeHHA NOMMAUCMeEPCHBIX CMeCeH, HCNOMb3yA WH- 
PpOKO IIpHMeHseMbIM B THApOAMHaMUKe MpPHHUMT HasowKeHHA COMpOoTUBIeHHH, 
YypabHeHuve OasaHca 9Hepruv MOXKHO IpefcTaBMTb B Be: 


gui dy —[1 + cas) ud (u'v') — ca,gs,u,V 5) dy —jga,ssusdy=0, (9) 


Pe S,, Sy HW S3— KOHMeHTpallnHn Seaman M@JIKUX MH KPYMHbIX 4aCTHIL, 
‘aromne B CyMMe s; a, =[p;—(1 + as,)] /(1 + a@s,). 13 (9) umeem 


| ei etl } Oyas,) 0,0, a V Spee iene (10) 
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eel 


Ha puc. 3 mpefcTraBeHbl faHHble pacyera mo (10) H 9kclepumenta 
(copnajleHve C 9KCIIepHMeHTOM MOJyYeHO ANA yruiei H MOpOA Mo LaHHbIM aBTopa 
H JpyrHx uccsefoBatTesen). 

B cnyyae ABuxKeHuA adpocMecel BcooTBeTcTBHH C (6), (8) H AaHHbIMH 
u3mepennit (apropa, Pose, jMerepa, Sernepa u gap. Ana D=35—300 mm) 

npa. ‘uucnax Fro>l i= 

SE = il + op), &=0,1 — 0,2; 

pa Fr< 1. (é— i) / pipe 
= odo /U*, ty = 0,08. 


iY B cayyae mepenoca TBep- 
ae, JIbIX ACTH, BOCXORAAULHMH 
i NOTOKaMH CO 3Ha4HTelb- 


HbIMH CKOPOCTAMH ypaBHeHHe 
OayiaHca 9HeEprHH MpHBOAUTCA 
K Bugy (8). na caspt ABH- 
X%KeHHA, XapakTepu3syromelica 
BJIH AHHEM rpaBHTallHOHHbIX 
CHJI YaCTHIL, Kak 9TO CjepyerT 
H3 puc. 4, MO JaHHbIM H3Me-. § 
peHHi AA KaTamusatopa, Mec- 
Ka, yin HW [p. KpylHocTbIo 
ot 0,07 no 7 MM B Tpy6ax 
D = 13—300 mm (/— Pose, 
2—Kunect, 3—Opone, 4— 
Xapoy, 5 — Sernep, 6— Bap, 
7 — ort, 8— Purxonen) ana 
rujipocmeceli H agpocmecel co- 
° OTBETCTBEHHO, B CorsacuH C (2) 
ixiy [(1+6s,), VagD/(u—u,)}, 
we Os 7 10 i=i,[(1+0,8p),Y agDi/(u—u,)), 
(uu? * rye S;— BeCOBad KOHMeHTpalluA 
“ag rufpocmech (u’—TO «we (JH 
Puc. 4 aspocmecn). 
4. Ecnu ypuxenne Xa- 
pakTepu3yeTca TIpewebHBIM | 
HaCbIIeCHHeM TBePAbIX YaCTHI, TO BbINOMHAeTCA ycmoBHe (7), moO KOTOpomy | 
OTHOWeHHE JONOJHHTCJIbHBIX 3aTpaT SHEP BCeACTBMe HaIHUHA UAaCTHIL B 
MOTOKe K OOMLHM 3aTpaTaM 9SHePprHH ABMAeTCAH BeMYMHOM MOCTOAHHOM. 
Ha ocHope, yKa3aHHbIX BbIWe JaHHbIX H3MepeHHii MosyyeHo: AA rpy6o- 


Fe a= 90° 


3 
JMCHepCHbIX THAPOCMecel Uxp = C’ V DV asu, /V dep; AA HEOMHOPOAHBIX NC 
NlepCHbIX CHCTeM H a9POCMECelt COOTBETCTBEHHO Uxp=c" V fagsD, uyxp=c”V pagD 
3 


AJA MOJIMUCMepCHbIX CHCTeM THApOcCMeceH Uxp = Cc’ VDV a.ssit' |7V daa 
+ c”’V fa,gssD, rue c’ =7—9; c’ =7,5—10; c” =0,3—0,45. 


Mucrutyr ropHoro yeaa um. A. A. CkounncKoro Tlocrynuso 
AxanemHu HaykK CCCP 4 X 1960 


LMTHPOBAHHAA JIHTEPATYPA 
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Jloxaagm Akagemun nayrk CCCP 
1961. Tom 137, Ni 3 


PHSHKA 
A. A. TAJIKHH u B. Ml. HEBEPE)KHbIX 


MNAPAMATHHTHbIM PE3OHAHC HA 3JIEKTPOHAX 
MIPOBOJMMOCTH MEJIH * 


(ITpedcmaeaeno axademurom H. K. Kuxouxoim 24 IX 1960) 


; B TeveHve nocieqHux 15 neT NOABHIMCh MHOTOUNCeHHbIe padoTsl, MocBsA- 

' WeHHbIe H3y4eHHIO 3IEKTPOHHOrO MapaMarHuTHOrO pesoHaHca (9, I. p.) B KOH- 

» e@HCHPOBaHHbIX Cpeax, OMHaKO 9TO ABJIeHHe ca6o0 H3y4eHO AIA MeTaIM4e- 
cKoro cocTosHHA. K HacToslleMy BpeMeHH OMyOJIHKOBaHO HeCKOJIbKO paoor, 

|B KOTOPbIX MIPHBeLeHbI pe3yJIbTaTbI H3y4eHHA 9. M. P. B WLeOUHbIX MeTaVIax 
Mux cmaBax (1~*), [onpirKku oOHapyXUTb pesOHaHC y APyrHx MeTaJJIoB He MpH- 
BOHM K yciexy, TaK Kak BpeMA CMHHOBOH pesaKCallMH 3JIEKTPOHOB MpoBosH- 
MOCTH CYII€ECTBEHHO MeHbINe Bpe€MeHH PewaKCallHH 3/IEKTPOHOB MpOBOuMocTH 
ULeOUHbIX MeTaJIOB (°). 

TeopuaA SeKTPOHHOTO pe3OHaHCHOrO MOrJOWeHuA, paspa6oTranHas JLatico- 
HOM (2°), XOpoOlO OMHCbIBAaeT SKCIIEPHMeHTaJIbHble pesysibTaTb! Kunna ya 
TpyNnb! WeJOUHEIX MeTasm0B. B uacrHocTu, Teopua Jlalicona mpeycKa3bIBaeT 
3aBHCHMOCTb (POpMbI JIMHHH MOrOWleHHA OT COOTHOWICHHA CIHHOBOFO BpeMeHH 
pemakcaunn Ton H BpeMeHH ANdpy3nu seKTpOHOB Ty H3 CKHH-CJIOA B rsyOb 
MeTasiqa. Ecnu 3TH BpeMeHa CyleCTBeHHO pa3HATcaA H Te, s>Ty (9TO yeuo- 
BHe BbINOMHAeCTCH JIA IWeNOUHbIX MeTaJIOB), JIMHHA NOrmouleHuA mpemcras- 
sineT coOoM cynepno3Huuio ABYX KPHBbIX: y3KOH JIMHHH Cc MosyuIMpHHo!t 
nopagka Av, ~T>) u umpoxon c Av, ~ TTI. 

@MopMa y3kKOH JMHHH OKa3bIBAaeTCA HeCCHMMETPHYHOH OTHOCHTeJIbHO pe30- 
HaHCHOrO 3Ha4¥eHHA MOS, MpHyeM HECHMMETPHYHOCTh yBeHUMBaeTCA MIpH 
T,/Ten 0. Burpox Teopuu Oo HeECHMMeTPHYHOCTH JIMHHM MorvowieHud Obl 
NOATBeEPXKeH IKCHepHMeHTaJIbHO (°). 

B HacTOALeM COOOMIeEHHH OMNHCbIBAIOTCA SKCIePHMeHThI NO H3yYeHHIO 3a- 
BUCHMOCTH NOBEpXHOCTHOrO COMPOTHBJICHHA Me B MarHHTHOM Nome H jana 
yacToTpl v= 3,6-10!° ru, mnocTaBJIeHHbIX Cc Weblo HaOOJeHHA 9. TI. p. 
OG6pa3si0oM JJIt UCcCIemOBaHHA CAYy2KH MefHbIH pes0HaTOp BOJIHOBOAHOTO 
THIa, H3POTOBJICHHbIM H3 YHCTOH IeKTpONMTHYeCKOH Megqu** co 3HayeHHeM 
Raoex | Raooex < 107°, KoTopoe, OfHaKO, U3-3a JecopMallHu Mef~H B Tipouecce 
M3FOTOBJIEHHA pesoHaTOpa, H3MeHUOCcb oO BenMIMHE! Ryo / Rao = 10. 
TlopepxHocTb pe30HaTopa Tepe, HcCefOBaHHeM TUaTeJIbHO NpOTpaBJMBasacb 
HW SJICKTPOJIMTHYeCKH MOJIMpoBasac. 

Jlo6potHocTbh pezsoHaTopa Kak (pyHKIMA MarHUTHOrO MOA U3MepAach pH 
Tpex TeMlepaTypax: KOMHAaTHOH, a30THOH H resMeBoH. 

Ha puc. 1 noka3aHo u3MeHeHHe OTHOUICHHA MOBEPXHOCTHOFO COMPOTHBJeCHHA 
B Toe HU 6e3 noma R (H)/R (0) B 3aBHCHMOCTHM OT HallpA2KeHHOCTH MarHHTHOrO 
noia H jia MeqHoro pesoHaTopa mpu Temnepatypax 77 u 4,2° K. Kak BugHo 
H3 9THX KPHBbIX, MOBeEPXHOCTHOe COMPOTHBJIeHHe pesoHaTOpa HMeeT MAKCHMyM 
'B MarH¥THoM Mose. Ilo HanpsxKeHHOCTH MarHUTHOrO MOJIA B MaKCHMyMe OblI 
ompefeseH g-pakTop, KOTOpbIli uMeeT 3HaueHHe ~2,1, 


* PaOoTa nooxeHa"Ha XIII Bcecotwo3sHom coBelaHHv MO CieKTpockonHH B HOHE 1960 r. 
** TIpHHocuM OaarogzapHocTs mpodp. JI. I. Socumosnuy 3a mpesocTaBlenve oueHb YUCTOH 
MeQHOH (OMLrH, H3rOTOBMeHHOH B Ja6opaTopuu MucTutyTa Heopranuyueckon xu4MHH AH YCCP, 
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Heo6xo¥Mo OTMeTHTb, YTO CPOPMA JIMHHM MOFOULEHHA CYyULeCTBeHHO 3aBH- 
cesla OT TeMMlepaTypbl, HHTCHCHBHOCTb JIMHUH C g-pakTOpoM 2,1 HeCKOJIbKO BO3- 
pactayia C TOHMKeHMeM TeMilepaTypbl, B TO BpeMA KaK Oovlee pasMbITaA JMHUA 
paciiupAsacb HW MIpH reiMeBoH TemNepatType MpakTHyecKH Hcyesawa. 

Tak Kak, BOOOmLe TOBOPA, MbICJIMMbI 1Ba M€XAHH3Ma pe3OHAaHCHOro Norvowle- 
HHA — MapaMarHUuTHbI pesoHaHe Ha MpHMeCAX H pe3oHaHe Ha YJIEKTPOHAaX MIpo- 
BOJMMOCTH, MIpeAcTaBIAJIO HHTepec BbIACHHTb MpHposy HaGOaeMbix JIMHUM. 
C sToli Webi Oplia H3y4eHa 3ABHCHMOCTb OT TeMMepaTypbl HHTCHCHBHOCTH JIH- 
HMM, J{aBAeMOH MeQHbIM Ppe3OHATOPOM, HW JIMHHH MOPrOuleHHA paluKawa. 

Kak H3BeCTHO, JIA mapamarue- 
———e -oo-==—= og  THKOB HHTCHCHBHOCTD JIMHHH CHJIbHO 

i or ‘|  YBesIMYMBaeTCA C HOHHXeHHEM TeM- 
nepatypbl, Tora Kak 93JI@KTPOHbr 
TIPOBOJMMOCTH, H3-3a BbIPOKLeHHA 
3JIEKTPOHHOPO Fa3a, JaloT He 3aBHCA- 
ulee OT TeMMepaTypbl MOrouleHue. | 

B pe3yibTaTe 9KCNepHMeHTAa OKa- 
3aJ10Cb, 4YTO HHTCHCHBHOCTb JIMHHH 
pawuKala npH W3MeHeHHU Temrepa- 
Typpt ot 77 Ao 300° K ymenbutaetca 
B!4 pa3a, a MWHTeHCHBHOCTb JIMHHM 
NOrsiouleHHA, laBaeMad pe30HaTO- 
poM, ocTaeTcA lpakTHyecKH MocTO- 
AHHOH. Takum o6Opa30M, B paMKax 
Teopuu JlalicoHa nouly4yeHHble 9Kcrie- 
PHMCHTAJIbHbI€ = pe3yJIbTaTbI MOryT 
ObITb TPAKTOBAHbI TAK, UTO 3a JIMHUIO 
c g =2,1 oTBeTcTBeHeH H MeXaHH3M 
Sateeseeus, -°S CNHHOBOH pewlakcallwH 93JIeEKTPOHOB 

12 1410° diem} — WpoBoguMmocTH. CyxKenHe xe 3TOH JH- 

- at HM C MOH KeHHeM TemMepatypHt, M0- 

BUJMMOMY, CBA3aHO C yBeJIM4YeHHeM 

Puc. 4 BP€MeCHH CIMHOBOH pewlakcalHu Ha 

BEJIMYHHBI Ten = 1,7 - 10-19 cex. npn 300°K; 2,1 -10-!cex.npu77°K u 4,2-10-)°cex. 

mpuH 4,2° K, a yulMpeHve BTOpOl JMMHHM NOrouleHHA OOyc/IOBJIeHO yMeHbIle- 
HHeM BpeMeHH Audppy3HH YICKTPOHOB H3 CKHH-C/IOA B MeTAJIJI. 

Cyelyet CKa3aTb, UTO HENOHATHOK ABJIAeTCA (OPMA JIMHUUM TMorsouleHHA, Tak 
Kak no JlalicoHy JIMHHA OJDKHa ObITb BeCbMa ACHMMeTPHUHOH. OKcHepHMeHT 
(ocobOeHHo npu 7 = 4,2° K) qaeT CHMMeTpHUHy!O JIMHMIO NormonleHus. OHAaKO 
TeEOPHA MOCTpoeHa B MpekMOOKeHHAX, KOTOPble He HMeIOT MeCcTa Ha OMBITe. 
JjeicTBHTeIbHO, B TEOPHH MpexnoslaraeTca, YTO BPpeMA CIMHOBOH pemakcalHu 
Ten Ha 4—5 TopsyKoB OovIbuie, YEM BPeMA Me@*KLy CTOJIKHOBCEHHAMH 3JICKTPO- 
HOB C (POTOHAMH T, TOra Kak B 39KCHiepHMeHTe T.,/t ~ 107. Kpome Toro Teopua 
nocTpoeHa B mpesnovowKennH + H<RT, a pu remMeBbIX Temnepatypax hH~RT, 
Teopua TakxKe MpelmouaraeT He3aBHCHMOCTb MeXaHH3ma Audpy3Hu oT MarHuT- 
Horo nous H, Tora Kak B Mosiax 10* sper. un T~4° K 9dTO BIMAHMe JOJDKHO CKa- 
3bIBaTbCA. BO3MOXKHO, UTO YYET BCeX ITHX OOCTOATEJIBCTB MOXKET IIPHBeCTH K Pop- 


Me JIMHHH, OTJIMYHOH OT TOH, KOTOpad culeqyeT 43 TeopHuH Jlalicona. 


@Mu3HKO-TeXHHYeCKHH HHCTHTYT HH3KHX TemmepaTyp Tlocrynusio 
Axajemun HaykK YCCP 23 IX 1960 
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ROR 


Jloxnzann Akagemun nayx CCCP 


1961. Tom 137, Ne 3 


PHSHKA 


A. K. JIABPYXHHA, T. B. MAJIBILUIEBA nu B. A. XOTHH 


HOBbIM HW30TON Ir* 


(II pedcmaeaeno akademukom A. I]. Buxnozepadosem 10 X 1960) 


IIpu BbieneHuM OYepHeroO OCMHA H3 (bpaKIHH upuAMA, OOpasyromlerocs 
pH pacilemeHHu 3010Ta NpOTOHaMH C sHeprHuelt 660 Mas, Opiuia OOHapy2KeHa 
AKTHBHOCTb C MepHOOM NOwJypacnaga 12 yac., npHHannexamaa Os!** (1,7), 
OTOT akT cBueTebCTByeT 06 OOpazs0BaHHN B MpOMyKTAaX paculeneHUA 30- 
NOTA HOBOTO HEHTPOHOZepUuUMTHOFO H380TONA HpHAMA C MaCCOBbIM 4HCJIOM 183. 
Hactosmasa pa6ota nocBameHa ompezenenuio nepHoga nonypacnaga Ir', 
MetasiMuecKoe 3010TO B  KOWIHUe- 
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30 


i} 2 3 4 5 Gnu 


cTBpe ~ 0,5 r oOsy4anocb BO BHYTpeH- 
HeM lyuke CHHXpOWMKOTpOHa OdbenH- 
HeEHHOPO HHCTHTYTA AeCpHbIX HCCIeLOBa- 


Puc, 1. Kpuppie H3MeHeHHA aAKTHBHOCTH JO- Puc, 2, Wsmenenve akTHBHOCTH’ZOu"epHe- 


yepHero OCMHA: a — 4-e BHIemeHHe, 6—7-e 
BbIJeueHHe 


Tro ocmua, 9-e Bpiqesenve 


HHH mpoToHamH c sHeprueii 660 Msp B; TeyeHve [0,5—1 uaca. Paquoaxtusuo 
UMCTHIM MPHAMH H3 MpOyKTOB pcanlensieHHA 3010TA, NOsy4aICA MO MeTOKe, 


OMmvcaHHOH B pabote (°). Sarem H3 HPHAHA Yepes 
PaBHble NPOMEXKYTKH BPeMeHH NPOBOAMOCh CHCTe- 
MATHUECKOe BbIeeHve JOuepHero OcMUA (BpeMsA 
HaKOMJICHHA U3MeHANOCh B Pa3sJIMYHbIX OMbITAX OT 
1,5 no 4 yac.). C sto wenbio K pacTBOpy payHo- 
AaKTHBHOTO upuyHA pOOaBAnnocb 20 mr OCMHA B 
Buje NazOsOs. OsOa oTronsasicA C XJOPHOM KuC- 
OTOH WH yiaBAMBasca 10% NaOH.3atem ocaxyas- 
CA CyIbU OCMHA, KOTOPbIN MpOKaIMBaICA 0 
MeTaJIa B TOKe BOfopona. TlomHoTa oTfejweHHA 
OCMHA KOHTpOJIMpOBaslach TyTeM B3BellIHBaHHA 
MeTaJIIH4eCKOTO OCMHA. XUMHYeCKHH BbIXOM CO- 
eTaBisast 95—98%. ce 
Cray aKTHBHOCTH JOuepHero OCMHA M3MepsAICA 
Ha TOPMOBOM cy¥eTUMKe cTaHJapTHOrO cuyeTHOrO 
ycTpoiictsBa. Ha puc. | npuBeyenbl KpuBble pacmaya 
HakonuBilelica B TeyeHHe 1,5 waca AKTHBHOCTH 
OcMHa Jia 4-ro M 7-ro BbIeweHHuH. OOnapyKeHbl 
Nepvoybl nonypacnaya 10 mun., 12 uac. u 90 
Hei. BugHo, 4TO aKTHBHOCTb, OOycJOBJIeHHaA 
s83, COCTaBIAeT 3HAUHTeIbHYIO WOO OT OOueli 


guil en 
ey PGE NEY 


Puc, 3, W3smeneuve komuuectBa 
aKTHBHOCTH Os!83 (T=12. uac.) 
B 3ABHCHMOCTH OT BPeMeHH BBI- 
yeeHHa fouepHero OCcMHA: 
a— uepe3 kKaxKymprle 4 4waca, 
6 — uepe3 kawmpre 1,5 'uaca 


AKTHBHOCTH OCMHA. B ocmun, BbieseHHOM nocuie 12 uac. OT Havana BbIMeEIeHHA 
upuynua (9-e Bbijenenue, cm. pvc. 2), 12-4acoBoH akTHBHOCTH He OOHapy2xKexO. 


| 
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VismeHeHve KOJIMYeCTBa AKTHBHOCTH Os!*? B 3aBMCHMOCTH OT BpeMeHH BBIjese- 
HHA (pue. 3) AaeT nepHoy nonypacnaya Ir!8’, pany 1 + 0,1 4uaca. AxTuB-f 
HOCTb 'C MepHOOM nowypacnagza 1 + 0,15 4uaca o6HapyxeHa TakxKe B KPHBOH 
pacnaga CyMMapHOH aKTHBHOCTH HMpHyveBOH pakuHH. 

JlonroxKMByllad AKTHBHOCTb C MepHosOM nosypacnagza ~ 90 zHeli (puc. | u 2) 
o6yc0BIeHa OOpa3s0BaHHem Os!® n3 15-aacoporo Ir!®, KopoTKoxKHByllan ak- 
THBHOCTb, pacnafaiomaica c MepHoyom nomypacnaga 10-2 mun., npuHaz- 
J@XKHT H30Mepy OCMHA Os 190", 

MuctutyT reOXHMHH H aHaJIHTHYeCKOH XHMHH Tlocrynuso 


um, B, HW, BepnagcKoro 23 IX 1960 
AxkajlemHu Hayk CCCP 


UMTHPOBAHHAH JIMTEPATYPA 


1B. UW. Bapauos, K. A. pomos u ap., H3s, AH CCCP, cep. u3,, 24, Ne9, 
1079 (1960), #10, A.Cypxkos, lr. M. Yepuos ugp,, Tam xe, ctp, 1119, % A, K, 
Jlappyxuua, T, B, Manumesa, B, A. Xoruu, III copem,. no nettponogedu- 


WHTHbIM H30TONaM, Yr, Jty6Ha, 1960, 
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Tloxrnxann Akaxemun nayk CCCP 
1961. Tom 137, Ne 3 


PH3SHKA 


Unen-Koppecnonnent AH CCCP H. M. JIMBUIML, A. A. CJIYWKUH 
u B. M. HABYTOBCKHH 


O ABJIEHHH «PACCEAHHS» SAPASKEHHBIX KBASHYUACTHEL 
HA OCOBbIX TOUKAX B_ p-IPOCTPAHCTBE 


_ Bee kuHeTH4eckHe HW pe3OHaHCHbie CBOMCTBA MeTaJIJIOB H MOJYNpOBOAHHKOB 
313AHbI C WMHAMHKOM ABYKEHHA KBAaSHUACTHL, ABJIAIOWIUXCA HOCHTeJAMH Mpo- 
JIMMOCTH B STUX Teax. B npuO1wxKeHNH weabHOro rasa, MocTaTOuHOM JA 
SyYeHHA OOJIDUIMHCTBa SpekToB, AMHaMHKa ABYKeHHA OMpefeAeTCA CJOK- 
bIM 3€KOHOM A\ciepcuu & = e (p), BaxKHOH XapaKTepHCTHKOM KOTOPOrO ABJIA- 
[cA TeEOMeTPHA W309HepreTHyecKOH NoBepxXHocTH. YpaBHeHHA ABYHKeHHA BO 
HEUIHEM 3JIEKTPOMArHHTHOM Movie B 9TOM CJlyyae — OObINHEIe ypaBHeHus JIo- 
eHila: 

: eb 4 & [vi] Pie vgs, 


ecb V — CKOPOCTb 4AaCTHIUbI, MpescTaBAiollad CO*KHYIO PYHKIIO KBa3H- 
MIyvibca p. 


B HacTosmleH 3aMeTKe MbI paCCMOTPHM CBoeoOpasHoe ABJIeHHe «paccesHHA» 


Ba3H4aCcTHL, CBH3aHHOe C OcCOOeHHOCTAMH 3akOHAa AMCiHepcHH, a HEC cay eee 
aCCeHBaloilero CHJIOBOTO IeCHTpa. 


Kak HM3BecTHO, NpH ABHXKeHHH B NOCTOAHHOM MarHHTHOM MTOJIe COXpa- 
HeTCH SHEPIWA YaCTHUbI & WH MPOCKIWWA UMMyJibCa P,, Ha HalipaBJleHve Mar- 


aTHoro noua. Ecau tpaektopus ¢ =const, p, =const saBjIseTCA 3aMKHy- 
dH, TO YACTHILa COBeplaeT BAONb Hee MepHosMyecKoe ABHKeHHE C NepHosoM 
=m'c/eH, rye m2 = m*(e, p,,) —a2pPekTuBHad Macca YaCTHIbI WA WaH- 
oro ceyenua (1). Ecam MarHuTHoe TOJle ABJIAeTCH MeJJICEHHO MeHSIOULMMCH 
_TIpOCTpaHcTBe H BO BpeMeHH (T. e€. %,, = HT /H<1) uau mpu nanuaun 
faOoro NpofosbHoro SuleKTpuyecKoro Nola (a, = E/H <1) napamerppi p,, 
& yoKe HE ABJIAIOTCA NOCTOAHHDIMM. OfHakO IPH 9TOM p,, H & H3MeHsIOTCH 
ACTOJbKO MeJICHHO, YTO KapTHHYy JIBH2KeHHA B P-IIpOcTpaHcTBe MOXKHO Mpes- 
"aBHTb Kak Ape, MOBOpoT u jectopMallHiO «TOKOBOrO JIeMecTKa», T. €. KOH- 
ypa e=const, p,,=const, 0 KOTOpOMy BpaljaeTca yacrTulla. CKopoct 
JeHtha OMpeyeseTCA CKOPOCTbIO H3MeHeHHs NapameTpos p,, ue. JBmxKenue 
ACTHILbI B r-IIpOCTpaHCTBe MOXKHO MpefcTaBuTb Kak ObICTpbIe OCHA 
SOO «eHTpa OpOuTEM R uw MaBHoe NepeMelleHwe 9TOFO HeHTpa B HampaB- 
3HMM MarHHTHOTO Mosia. CKopocTb WeHTpa OpOuTbI R jaetca ovepnHbiM 
JaBHeHueM R = 0, rye rs ebb oir e MH = TE Ree ea Sa ea CKO- 
= 4) 

IeTh Vy  OMpemenserca PopMyJ0H VU, (Pp, &, E) = =-Spae oe (Pu, &, %) 
> — nsomtane ceueHHA & = é, Py= Py). Ycpequenuble BemmanHp Py = pu, 


> 

WM @(MHHUHbIM BeKTOP MarHHTHOTO MOA § 3aaloT MOMORKeHHe «TOKOBOFO 
amecTKka» B NpOcTpaHcTBe HMIlyibcoB. BaxkHOow XapakTepHcTHKOH ycpefHeH- 
oro ABHXKeHHA B MOWAX yKa3aHHOrO BbIle THMa ABIAeTCA afMaOaTHYeCKaN 
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HHBapHaHTHOCTb BeHYHHbI S (Py, €,§)/H(R,¢), sro nosponser uacTuuH@ 
IIPOHHTerpHpOBaTb yCpefHeHHbie Wup@epeHivarbHble ypaBnenua. Jina non 
HOrO 3aj[aHHA JBHXKCHHA HeEOOXOAHMO 3HAaTb AOMOMHHTeIbHOe ypaBHeHHe Ag 
oOmHOl u3 BemHYHH Py HIN &. 
Mp! TpHBeseM 3TH ypaBHeHHA JA Tpex BuOB Nosen: 
1. IipH aBuxKeHHH B CaO6O HeEOLHOPOAHOM NOCTOAHHOM MarHHTHOM TOU 
TAKUM ypaBHeHHeM ABJsAeTCA & = const. 
2. Jina cnyuad NapaswieIbHbIX OMHOPOAHbIX 3eKTPHYeCcKOrO H MarHH 
Horo mosleH uMeem: Py = eE. ! 
3. Ecnu wa 4acTHily Bo3syeliicrByerT llepeMeHHoe MarHuTHoe moe H(t 
HeOOXOMHMO YUHTbIBATh BOSHHKalolee MPH 3STOM IYICKTpHYecKoOe ose, UT 
IIpHBOAUT K HecoxpaHenuio &. B sToM cayyae HanOonee mMpocTo BbITAAAHy 
a ] 
m* de 


ypapHenne Win Py: Py = \SPu dS, rne P| — npoekiua umnysbea He 


IIOCKOCTb, NepneHyukyJsapuyio &. 

TlonyyeHHble ypaBHeHus (BMecTe C ypaBHenuem S/H = const) 6ynyT uch 
lOJIb3OBaHbI HAMH Tip HcceqoBaHHH Apelidha «TOKOBOrO wsenecTKa» depeg 
ceJIOBbI€e TOUKH HM3809HeprerHy 
yeCKOH NOBepxXHocTH (peso 
JlaraeTcA, YTO TOBeEPXHOCTb Hi} 
ABJIAeCTCA BCIOLy BbINyKJON)§ 
CeOBand TOUKAa ABIAeCTCA OCO} 
Oo NO OTHOWIeHHIO K JHHAMH} 
Ke JIBHXKCHHA B OMHOPOAHON 
MarHHUTHOM Hoyle, Kora 0c} 
KOCTb «TOKOBOTO  JlellecTKa 
KacaeTCH H309HepreTHuecKoy 
NOBepXHOCTH B 3TOH TOUK 
B jjaHHoM cylyuae KOHTyp, Tg 

Puc. 1 KOTOPOMYy IIpOHCXO,UT JBHKe 

Hue B MarHHTHOM Tole, Mee; 

BH], KPUBOM C CaMOnepeceyeHHeM («BOCbMepKa» Ha pwc. 1). Oco6aa TouKd 
«BOCbMepKH» (TONKA CaMOMepeceyeHHs) COBMaaeT C CeANOBOH TOUKOH H309HeEp 
reruueckol noBepxHocTH. IIpoekwHaA ckKOpocTH yacTHLbI Vv; Ha MJOCKOCTI 
KOHTypa OOpalllaerch B HYJib B OCOOOH TOUKe: v, ~|p—b| (b—BexrToy 
B p-IIpocTpaHcTBe, NpOBeeHHbI B OCOOy10 TOUKY). ITO O3sHayaeT, ITO NepHoy 
oOpalleHHAi YaCTHUb! B MarHHTHOM Mose NorapHdMuyecKH pacxo_NTca UpH 
py Op. 

Ec M0CKOCTb «TOKOBOrO JienecTKa», CoBepuiaionlero Ape B p-mpocTpaH 
cTBe, Tlepeceyer cefOByio TOUKY H3039HeEpreTH4YeCKOH NOBeEPpXHOCTH, TO «TOF 


pbIX onpezensiotca oOnactamu Ju JJ (pwc. 1), pasqeneHHpmmu ocoboi Tou: 
KOH. XapakTep ABUKeHHA B KAKO H3 OOacTeli COBepleHHO pa3zuyeH. C Apy4 
rol CTOPOHbI, TOUHbIe (MHKPOCKOMHYeCKHe) HavaJIbHbIe YCJIOBHA, OMpeeJAlo: 
WlHe momagqanve yacTuup B OOacTb / uu I], BecbMa ObICTpo MepemexkaioTca} 
TaK 4YTO B Ka2KJOM MAKPOCKOMMYeCKOM 3JIeMeHTe H309HeEpreTHyuecKOH MOBepXHO} 
CTH HaXOJATCA TOUKH, H3 KOTOPbIX YaACTHILa NomakaeT KaK B NepBy!0, TaK HU BC 
BTOpylo O6uacTb. C sto TOUKM 3peCHHA MOXAKHO paccMaTpHBATS Nonalanne 4a} 
CTHI, B KarKyt0 H3 OOsIacTeH Kak CJly“aHHEI Mpollecc H TOBOPUTb O CcBOeOCOpast 
HOM «pacCesHHM» YacTHL BOIH3H OCOOO TOUKH; pH STOM BepOATHOCTH paccest4 
Hua B/ u // (@1 MH We) UMeIOT BONE ONpesesIeHHbIe 3HaYeHHA, KOTOPbIe HW 
OyAyT onpeyeienbl HMKe. CrelyeT oco6o NosuepKHYTb, YTO CBOeOOpa3sHe Takore 
mpolwecca paccedHHA CBA3AHO C OTCYTCTBHeM KaKOro-JIHOO CHJIOBOTO pacceHBald- 
Wero IeHTpa B r-lpocTpaucTBe; CaM AKT paCcCeHHHA MOMKET HMECTb MECTO B JIHOOOk 
TOUKe F-pocTpaHcTBa. 


Paccmorpum pasHoctp A(t) =p,,(t)—6,(t), rue 5,,(t) coorpercTByet 
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cefoBoh TOUKe Ha MoBepxHOcTH & = e€(f), BEKTOp HOpMasH B KOTOPOM Mapaan- 


wi 
aeseH E(t) =H/H. Kamas uacruua Ha mocnefHem BuTKe Tepe, monaya- 
Huem B OOnacth J nau // nepecekaer riaBHyio AMHMO KpHBUSHBI (Pp, = 0 Ha 
puc. 1) Ha u309HepreTH¥ecKOH noBepxHocTH & = (0) pH HeKOTOpOM 3Ha- 
NeHUH pasHoctu A(0) = p,,(0) —6,,(0). Copepuimp nonHEt o6opor BoKpyr 
OAHOH M3 NeTeb «BOCMepKM», YaCTHIa CHOBA OKAa3bIBAeTCH B OKPeCTHOCTH 
TOUKH cCaMomepeceyenua b(t). B sapucumocru oT 3HaKka pasHocTu A(T) B 
STOT MOMeCHT BpeMeHH YacTHIla NonagaeT B OONacTb J unu J], npH 3TOM Be- 
auauna A(T) ofHosHayHO ompegennetca 3HaueHuem A(O) B HaYase O6opoTa. 
V3 cka3aHHoro BHAHO, 4TO pa3sHocTh A(Q) ecTecTBeHHO B3Tb B KaueCTBe 
TipueibHoro MapaMerpa, XapakTepusyromlero uacTHy B pacceHBarollemcs 
aucamOyie. O6nactam J u JJ coorpetcTByroT amementH 6, u 6,;; 3HaueHHit 
Ap,, = A(0), onpefensiouyux momayqanne B 3TH ObnacTru. BepostHocru pac- 


CeAHHA (Wy H We), T. €. OTHOCHTeENbHbIE 4YNCNa YACTHU, MoMayarowlux coor- 
BeTCTBEHHO B OOnacTH / u JJ, NpoNnopuHOHabHbI NOTOKAaM B Pp-lipocTpaHcTBe 
4epes aviemenTbl 6; wu 6,;. Ecau cuntaTb, 4To dyHKiHA pacmpejejenua 
ABJACTCH BOCTATOUHO MNaBHOH, TO STH MOTOKH B NepBOM NpHOMKeHHH TO 
‘MaJIOMy MlapaMeTpy © MpOnNOpHOHa/IbHbI BeEMHYMHAaM CaMHX 9JIEMeHTOB. 
dp 
: el: 
| Us ypaBuennii JBwxKeHHA DpH ManbIX a HMeem dt = af oe 
a 
dp;— Auddepenunan pjnuHbI Ayr «BocbMepkH». Jina YyacTHU, clenaBiwux 
NOWHBIM OOOpOT BOKPyr OHO U3 NeTeb «BOCbMePpKH», MbI MOsyuaem 


a (T,) — A! (0) = 5 § (by, — by) (1) 
1 


ba 


Wl 
‘WM, cooTpetcTBeHHo, yuia A’ (7,;;) (HHTerpHpoBaHHe BeeTCA BAONb KOHTYypa 
COOTBETCTBYIONIeH eT «BOCbMepKH»). CorsiacHO CKa3aHHOMY, HCKOMBIe 93J1e- 
mMeHTbI 6, H 6); AOJKHBI ONpesenstTben 13 ycnoBuH A’ /! (T,, 77) = 0. O70 aer 


6, ; ; dp, y : : dp, 
—= —b,,) — —b,,) —. 2 
= (Pn ere (Pu — bu) a, (2) 
KoukpeTHoe BBIUHCIeHHe 3THX KOHTYPHbIX HHTerpasIOB 3aBHCHT OT Xapak- 
“Tepa BHellHero Noma, B KOTOPOM MpovcxoyuT yBHxKenMe yacrun. Mobi mpu- 
BeeM Pe3YJIbTATHI JIA HECKOMbKUX CIyYaeB (MPH STOM HCMOJb3OBaHbI yc pen- 
He€HHbI€ ypaBHeHHA MBHKeHHA). 
1. Cna60 HeoqHOpOAHOe NOCTOAHHOE BO BPeMEeHH Tose. 
MopMyNa WA OTHOWCHHA BeposTHOCTeH uMeeT BUA 


a = ar (ar) | ar Gi) (3) 


> - 
“rae {—f,auHa BAONb CHNOBOM MHHHH MarHuTHOorO nossa; Sy .(e, b4(§), &) 


Boe a =i eS 

(&€ =€(l))—naomagu ceyenu Kajol u3 NeTedb Ha CeYeHHH MOBepxXHOCTH 
@ = const c mocKocTbw, Mpoxoxamel uepes ocoOyio TouKy uM Nepnenquky- 

a 
aspHot E(/). Jina upsmoi cunopol munuH copmysa (3) ympoulaetcs: 
Wy | Wy = S,/ So. 
Ilapanmenabuble 9eKTpHYecCKOe H MATHUTHOe NOG, 
NOCTOAHHBIe BO BpeMeHH. Jina OTHOMeHHA BepOATHOCTeH B 9TOM CJly- 
Wy Ts d d 

ee Sy (Dyy> Exp (Py) | oe So (Pys Exp (Py), THC &xp (Pz) 
ompeylesineT TY HW309HeEpreTHueCcKyI0 MOBEPXHOCTb & = Exp (p,,), Ha KOTOpOK 
‘IPH 3ajaHHOM 3HaveHHH p,, JexKUT OCOOaH TOUKA. 


_ Cueqyer 3aMeruTb, uTO Bpemx ypeliba uepes oco6y!0 ToUKy, T. €. «BpeMA 
paccesHUA» OKa3sbiBaeTcH ~ TIna@; NOSTOMy IA BOSMOXKHOCTH peaJivsalluH 
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atpbekTa HeoOXOJMMO BbINOHeHHe HepaBeHcTa TS>T Ina (t — Bpema mpooera). 
Takoe HepaBeHCTBO xOpollo BbiNosHAeTcA pH H ~ 104 sper. u ANHHe mpo 
6era 0,1 cM M MpakTuyeckH He HakJlaqblBaeT OrpaHHueHH Ha a. C mpy- 
roH CTOpOHbI, BCe BbIUHCIeHHA MpOBOAMJINCbh B KJaCCHYeCKOM NpHOsJHKeHHH, 
T. €. HE YYHTbIBAIaCb BOSMOXKHOCTh TYHHEJIbHBIX TepexOO0B H3 TpaeKTOpuit 
OmHOH OOacTH B Apyryrw. Tlocnennee cnpaBeqmHBo pH ycaoBun v,,5p,,> 
=>h/T, rye 6p, —usMenenne p,, Ha OJHOM BHTKe; IPH CJIMIIKOM MaJbIx 
HEOJHOPOAHOCTAX MOJIA HeEOOXOMHMO KBaHTOBOe paCcMOTpeHHe 3ajjauH pac- 
CeAtHHA. 


@u3HkO-TeXHHYeCKHH HHCTHTYT Tlocrynuuo 
AxagemHH HayK YCCP 211961 


VWuctutyt tensmopu3siku 
Cu6upckoro oTgeneHHa AKanemuH HayK CCCP 


WMTHPOBAHHAA JIMTEPATYPA 
‘Y. M. Jiupbuun, M HW. Karanos, Yen. cus. nayK, 69, 419 (1959). 
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Aoxnzage Akagqemun nayr CCCP 
1961. Tom 137, N 3 


TEXHHYECKAA ®PH3HKA 


B. ©. BPABHHCKHHA u M. B. OCHMOB 


BJIMAHHE MACHITABHOrO ®AKTOPA HA BPEMEHHYI!0O 
SABHCHMOCTb IIPOUHOCTH KEPAMUYUECKHX MATEPHAJIOB 


(I]pedemaeazexo axademuxom IT. 


A. Pe6uxdepom 281X 1960) 


_ Buamsanve pa3mMepos u3qeMa UM OOpasia Ha ero MexaHHyeCcKy!0 MpOuHOCTb 
MacuiITaOHbI stppeKT) HeOMHOKPaTHO OTMe4aJIOCb B MTepaType. OMHAaKO yoB- 
METBOPUTEbHOe OODACHEHHE STOTO ABJICHHA OTCYTCTBYeT; CyilecTBy!ONLHe TeO- 
OHM OKA elle He MOMYYMIM pelllaloulero NOATBep*AeHHA Ha onpiTe (*). [pose- 


JeHHbIe paHee 9KCIMepHMeHTAaJIbHLIe pa- 
}OTbI, MOCBANLeEHHLIe 3TOMY BoMpocy, 
IpeicTaBiatH coool Hcce,oBaHHa 
POUIbBKO KPHCTaJIJIMYeCKUX HIM aMopt- 
ibIX Tel. OcTaBayICA HeHCCJIe1OBaHHbIM 
<acC OKMCHbIX KepaMHuecKHX MaTepHa- 
IOB, BECbMa HHTepeCHbIX TCM, 4TO OHH 
3KIOUAIOT KAK KPHCTAJVJIMYeCKYIO, TaK 
{ amopduyto (cTeKOBUAH 10) (pasbl. ITH 
AATCPHAILI ABJIAIOTCA XPYMKMMH HU y 
IMX, KaK H3BeCTHO, MACIITAOHBI 9¢p- 
beKT BbIPaAxKeH HaHOosiee ueTKO. M3y- 
leHve BJMAHHA MacuiTaOHoro daKtTopa 
ia KPaTKOBpeMeHHy!IO H JWIHTesIbHY!0 
IPOUHOCTh KepaMUYeCKHX MAaTepHaJOB, 
jaHee He HCCJeOBaBLIMXCA, NpecTas- 
IfeT He TOJbKO TeopeTM4uecKHi, HO H 
[paKTHYeCKHH UHTepec. 

B mpefbiqymux padorax Opli0 
lOKa3aHO, 4YTO HH3KHe 3HaueHHA TeXx- 


iMuecKOH MpouHOCTH KepaMH4ecKHx 
AaTepMasioB, JleKallve lmpHMepHo 
ia [Ba NOpaAyKa HwxKe TeoperTHye- 


‘KUX, OOBACHAIOTCA HasMuHeM B HHX 
leoJIHOposHocTeHt (edeKTOB CTPyKTy- 
(bl); IPH 93TOM TylaBHY!O POJIb HrpalorT 
eMeKTH, HAXOMAHecH Ha NOBepXHO- 
TH OOpa3iloB, TaK KaK, OHH npewke Bce- 
‘0 MIOBepxKeHbI aCopOUMOHHOMYy BO3- 
jelicTBUIO OKpyxKatoulelt cpefbi (?,°). 
B KauecTBe oObeKTOB HCCJIeqOBaHHA 
[aM ObIJIH MCHOJb30BaHbI «aJIKOMOCHJIN- 


Ig Pn moe) —> 


— 
5 


Puc. 1. 3aBucuMocTb mpouHocTH Ha usru6 P 
OT BeIHUHHbI AHaMeTpa oOpa3noB d. a: | — 
aJIIOMOCHJIHNKaTHBIM HW 2 — aJIIOMOOKCHZHEIM 
KepamMHueckHe MaTepHaib; 3, 4 — oOpas3iibl, 
NOJyUeHHbIe WAHpoBannem 10-mHJIuMeTpo- 
BbIX OO6pa3ilOB aJIOMOCHHKAaTHOH (3) u amro- 
MOOKCHHOH (4) KepamMHKH; 6 — mOpHcTHIii 
MarHe3HaJIbHOCHJIH KaTHBIt KepaMuueckHit 
MaTepHaul 


caTHaA» H «aIIOMOOKCH Had» KepaMuku (1*), AMeIOLLHe COOTBETCTBEHHO CTeKJIOBHA- 
Iba H KpucTammMueckunl cKeserT (7,4). OOpasibl B BUe WHHHApPOB POpMOBA IHC 
feTOOM TopsAYerO MTA NOL AaBseHHemM MU Moce OOWKUra HMeIM MOPHCTOCTb 
io BOonormomeHmio, Onuskyto K Hysio. Uccsieqopanacb mpounoctTh o6pas- 
{OB Ha TomepeuHnili usruO mo cxeme yerTpIpex ToueK (°). 

_ Ha puce. la npupegena norapudmuyeckaa 3aBUCHMOCTb MpOuHOCTH oO6pa3lloB 
a3 IMUHBIX JHamMetpos (5—20 mm) amtomocuiMKaTHoro (/) HM amloMooKCHAHOrO 
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(2) KepamMMuecKHX MaTepHasioB. IKCHepHMeHTAaJIBHbIe TOUKH JOCTATOYHO XoOpoUl 
JIOKATCA Ha MpPAMbIe, OMHCbIBAeMbIC H3BeCTHbIM ypaBHeHuem (°,’). 

Pes3yJIbTaTbl HCMbITaHHA OOpaswoB AHametpom 8, 7 H 5 MM, NOJyYeHHBIX 
wuindopanvem 10-MuJJIMMeTpOBbIX OOpa3ioB, MOKa3asIM, YTO MpH YMeHbIUeHuuy 
ux J\Mametpa oT 10 yo 5 MM mpouHoctb OOpa3sioB asIOMOCHJIMKaTHOH KepaMuKH 
Bo3pacTala, a aJOMOOKCMAHOH KepaMHKH B Mpefleax MorpeuiHocTa akcmepH- 
MeHTa (5%) ocTaBalaCb HeH3MeHHOH (cM. puc. la, 3 u 4). Tak Kak camo mam 
qoBaHhe, KaK TOKa3aJIH MpeBapHTebHO MpoOBeeHHbIe OMBITHI, MpaKTHUeCKH 
He CKa3bIBaeTCA Ha MpOYHOCTH HCCJIeLyeMbIxX MaTepHaJiOB, TO HaOsOMaemMan 3a 
BHCHMOCTb MocJieqHel OT BeJIMUHHbI AMametpa (puc. la, / u 2) Mower ObITb O6b- 
sicHeHa BJIMAHHeM CTaTHCTHYeCKOrO, 
a rJlaBHbIM O6pa30M TexHOJIOrHyecko- 
ro MaciuiTaOuoro cpakTopa (°). 

J\1A MOATBepxKAeHHA ITHX BBIBO- 
JOB HaMH UCCJIeqOBaCch Kepamuyec- 
KHe MaTepHaJibl, WMelomlve 3HaydH- 
TeJIbHYIO MOPHCTOCTb H, cCuleqoBa-| 
TeJIbHO, BeCbMa Pa3BHTyIO MOBepx-| 
HocTb. Ec yuecTb H3JI0%KeHHOe, a 
Take TO, YTO B MOPHCTHIX MaTepHa- 
ax ajcopO6WHOHHOMy BO3/leliCTBHIO 
oKpy aloe Cpebl MmosBep2KeHbl 

He TOJIbKO Te JeeKTbI, KOTOPbie Ha- 
Puc. 2. 3aBHcuMocTS MpOuHOCTH Ha u3rH6 P or XOAATCA Ha BHellHeli NoBepXHOCTH 
OTHOCHTeCJIbBHOH BeJIHYHHbI padoueii JJIMHbI 06- 
pasuos //L aysiomocumKatHoro (/) HM amiomo- o6pasioB, TO CHERYET | TPEAMOMIO= 
okcHgzHOrO (2) KepamHuecKHx MaTepHasios, L— %MKHTb, 4TO MacluTa6Hbll appekT B O6- 
paccTosHHe Mexy ONOpHbIMH mpusmMamu,/— wyacTH OOJIbIMHX pasMepoB y HHX 
paccTOAHHe Me?Ky TOUKAMH TpHJIOKeHHA CHI Oyler OTCYTCTBOBATb. 
M13 puc. 16 BuAHO, UTO NpouHOCTB 
MarHe3HaJIbHO-CHJIMKaTHOrO KepaMH4eCKOrO MaTepHasla (OpHCTOCTb NO BO,O- 
NOPJIOULeHHIO CocTaBJInIa mpHMepHo 50%) mpakTHyecku (pa3s6poc 3HayeHHi 
Aix oOpa3soB ofHoro Auametpa ~12%) He 3aBHCHT OT BeJIMYHHbI WHaMeTpa 
TipH yMeHbUeHHH nocieqHero oT 15 fo 4 MM. Buu3kve pe3ybTaTb! OblIM TO-, 
JIYYeHb! WH ApyrHmMu UccwesoBaTeAMH (°). 

Ha puc. 2 u300paxkena 3aBHCHMOCTb MPO4HOCTH IMJIMHApW4ecKHX OOpPasios, 
uametpoMd = 10 MM, aiOMOCHJIMKaTHOrO HM aJIIOMOOKCHAHOrO KepaMHuecKHx 
MaTepHaJIOB OT JJIMHbI padoue uacTu oOpasiya / (Ha rpadpuke mpescTaBseHa 3a- 
BucuMocTb P ot oTHomeHua //L; L — paccroxHue MexKAy ONOPHEIMH NpH3MamH, 
papHoe 66 mm). B o6oux culyyaax, mo Mepe yBerHueHua / NpouHocTh Nalaia ku, 
JOCTHTHYB OMpeleseHHoro 3HaveHHA (AIA aIOMOCHJIMKaTHOM KepamuKH //L = 
= 0,5; amomookcuguaa J/L = 0,3), B ambHeHwieM OCTaBalacb HeH3MeHHOH. 
bau3kad KapTHHa Ha6mofaiacb H Mp HCHbITaHHH OOpasloB AMameTpom 7,0 
u 5 MM. STO aeT OCHOBaHHe MOJaraTb, YTO y OOpasiloB MCCJIeqyeMbIxX MaTepHa- 
JIOB HMeeTCA BEPOATHBIM MepHO BCTpeyH Jepekta c HanGovblWel CTeneHbIO onac- 
HocTH. KoHTpoJibHble OMbITbI, MpoBeseHHble Ha 200 oOpasiax asiOMOCHJIMKaTHOH 
M aJIKOMOOKCHHOH KepaMHKH, B KOTOPbIX MOCJeMHHe ACMBITLIBAIMCb pH OTHO- 
ujeHuu //L, cooTBeTCTBeHHO paBHom 0,5 u 0,3, MoKa3aIH, 4YTO MeCTO Hauyasa| 
paspyiueHua OOpa3sloB B GoObUIMHCTBe C.ly4aeB (95%) sexKaIO B Mpekeax BbI- 
OpanHoro yuactka J. K aHanOrHuHbiM pe3yJIbTaTaM MpHBOAAT MCMbITaHHA HC- 
CJI@LYeEMbIX MaTepHaIOB Ha H3rHO MO CXeMe TpeX TOYeK: OCHOBaHHe KPHBOH pac- 
CeMBaHHA MeCT Havasla paspyWIeHHA Wid OOpasiloB asIOMOCHJIMKAaTHOH Mi asiio- 
MOOKCHLHOM KepaMHKM paBHAJIOCb COOTBETCTBEHHO MpHMepHo 33 Hv 20 mm (°). 
Virak, B oOpasilax MIOTHbIX KepaMHueCKHX MAaTePHaJIOB MOMKHO BBIeHTb 
yuacToK, B KOTOPOM MpaKTH4eCKH cCoOfepXKUTCA «nONHbIt» HaOop oOMmacHbIx 
Te*eKToB. 

IIpu ymenburennu / B mpefemax 9TOrO yuacTKa BeIHYMHa MpOuHOCTH 
BO3pacTaeT, TAK KaK BEPOATHOCTh BCTpeyn HanOosee OMACHEIX eteKTOB yMeHb- 
wiaeTca (cTaTucTHueckHit cbakTop). 
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Ha puc. 3 mpuBesenbi WaHuble 10 BpeMeHHOii 3aBHCHMOCTH MpOyHocTH ILH- 
MHAPH4ecKUX OOPasilOB AMIOMOCHIMKaTHOH KepamMuKM jMamerpom 13; 10; 
5 M5 MM, KOTOpbie HCIBITEIBAIMCb Ha MoMepeyupili u3ru6. [IpeqcrapseHuple 3a- 
MCHMOCTH ABJIAIOTCA MPAMOJIMHeEHHEIMH 
Opoillo omucpIBaroTca cbopmysiol C. H. )Kyp- 
opa t= Ae-VPIRT (10, 11). Xora HaksOH MIps- 
[bIX Pe3KO He H3MeHAeTCA MPH YMeHbINeHHH 
quameTpa oOpasua oT 13 fo 5 mM, ofHaKo 
TeHeCHIMA K CXOMMMOCTH HX BPeMCHHbIX 3a- 
BHMcuMocTelt B OOaACTH HyJleBbIX HalpsKeHuii 
BbIPaxkeHa BecbMa oT¥eTIHBO (A = const). 

O faeT OCHOBaHHe OwaraTb, TO 
KosppunHext y B ypaBHeHun )Kypkopa 3a- 
BMCHT OT BeJIMYHHEI WMameTpa, TouHee, OT 
eTeneHH JedekTHocTuH oGpa3ua. Takopo BuJIH- 
@HMe MacliTaGHoro dbakTopa Ha xapaKTepu- 
CTHKH BPeMeCHHOH 3aBHCHMOCTH MmpouHocTH 
KepaMuku. 

B wesiom mowy4eHHblit 3KCHepMMeHTAaiIb- 

BIH MaTepHadl WaeT OCHOBAHHe NOviaraTb, YTO Puc. 3. 3asucuMocTh josroneuHocTH 
| aici apekT OKa3HiBaeT BJIMAHHE He Pe aaietiirde Weceee et thie 
eeko eee eeHyIO, HOW Ba [h- eet WA bepdedos pa3IM4HbIX WHa- 
TeJIbHY10 MPOWHOCT KepaMH4eCKHX MATeEPHa- yerpos npn usrHde. /— d= —13 MM; 
Hos. [loppiiieHue KpaTKOBpeMeHHOH mpouHo- 2— 10mm; 3—7,5 wm; 4—5 MM, 
CTH C yMeHbIeHHem pa3smepoB oOpasiia uu P; — TexHMYeCKaA MpouHOCTh 06pas- 
ero paOoueH 4acTH MOxKeT ObiITb OObACHEHO OB, To— BpeMA Hayala oTCHeTA 
BJIMAHHeEM TeXHOJIOrHYeCKOrO HH cTaTH- 
cTuyeckoro MaciiTaOHoro dakTopa. B oOpasuax KepaMMyecKHxX MaTepHaJioB 
MOXKHO BbIeIHTb yyacToK (OG1acTb), B KOTOPOM akTHYeCKH COMepKUTCH MOJ- 
HbIii HAOOp ONaCHBIX WedeKkTOB, IpH4eM OTHOCHTe/IbHaA BeIM4YHHA STOTO y4uacTKa 
XapakTepH3yeT cTeleHb OLHOPOAHOCTH OOpasita. 


lg T(cex.)J—- 


TlocrynHuio0 
14 IX 1960 
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Hornagawn Akagqemun nayrk CCCP 
1961. Tom 137, N 3 


TEXHHYECKAA ®H3HK 


®. H. BEPFYHAC u f. M. MAJIKHH 


OCHOBHbIE MPHSHAKH ®OTOXWIJIEKTPHYECKOLO IPOEKTA, 
OBYCJIOBJIEHHOrO MPOBOAUMOCTbIO B 3EPHHCTOM OBPASILE 


(ITpedcmaeaeno axademuxom A. ®. Hoge 24 IX 1960) 


Bompoc o mpwunnax doToqnaseKTpHyeckoro aqxpexta (dp. A. 9.) B dbocdopax 
Bce elle ABJIAeTCH CMOpHbIM. B ofHUX paOoTtax (') OTBETCTBEHHBIMH 3a Hero CuH- 
TalOT JIOKAaJIMSOBaHHble 3JIEKTPOHb! (cp. A. 9. I pofa), B Apyrux (7) — npoBogH- 
MOCTb B 3epHuCTOM OOpasie (p. A. 9. II] poga), B TpeTbux (*) — u TO H Apyroe. 
B jaHHol pa6oTe yka3biBaloTCA MpH3HaKH, MO KOTOPbIM MOXKHO OMpeesHTb 
npH4Huy @. A. 9. B KaKOM OTACJIbHOM Cuy- 
wae. 

Ecuid JJid JIOKaIM30BaHHBIX 3JIEKTPOHOB 
uMeeT MeCTO yiIpyrad MNowApHsalua, TO 
BpeMA peaKCalHH e€CTb KOHCTAHTa, H Wo— 
yacToTa Makcumyma tg 6 (6 — yron aHaueK- 
TpHuecKHX oTepb) — He JOJMKHA 3aBHCeTb 
OT TemmepaTypbl 7’, CBETOCYMMBI fl, a CueqoO- 
BaTeJIbHO, H OT HHTC€HCHBHOCTH BO36yxKal0- 
mero cpeta E. B cnyuae d. 2. 9. I] pona wo 
JOJDKHa BO3paCTaTb C YBeIHYCHHEM KOHILeH- 
TpallHH 9/IeKTpOHOB MpoBogzumMocTH WN, a 
CuleqOBaTeJIbHO, H c poctom £. Takum o6- 
pa3soM, B 9TOM CJlyy¥ae JlerKO pa3JIM4MTb 

0 0 0, 3 4 % o. 4. 3. 1 w II pona. 

i Ec MexaHH3M NOJIApH3auvH JIOKau- 
et eee ee ba is 30BaHHLIX SEKTPOHOB aHanorHyeH TeNIOBO! 
ceta E mip pasHuix yactorax, /— MOHHOM Homapusanuu (°), TO @o 3aBHCHT OT 

£10 xru, 2—2 Kru, 3—O,2¥ xrn Eu T. Ilpu 3ToM npuxogutca ycTanaBJMBaTb 

; mpHunny d. 2. 9. NO ApyrHM mpH3HaKam. 
JI TenOBOl IeEKTPOHHOM MOAPH3alHH BEIpaKenHe Jia & ¥ tg 6, O6ycnoB- 
JIGHHBIX BO3OyKalOulHM CBeTOM, HMeeT BHI 


4A (1) 


— i ° 
? 


€ E ee 
eG ay: Fd: 


A 
u/kT 
o T Be 


LB ies (2) 


2 ae Bes) @2B%e24/RT + es 
An 4m 
Snecb A—BeNMUNHA, MpONMOpNOHasbHaA KOHUWeCHTpalHn JNOKaNH30BaHHbIX 
aneKTpoHos; Be“/kT —ppema peslakcallu; & )—S3HayeHHe MaNeKTpHyueckon 
TIPOHHUAaeMOCTH TIpH @ = oo. 

Mopmyut cb. A. 9. I] poma no (*) uMewT Buy 


D 

Oo ecatlis °) 
Bs /@ 

te9 = TFT eye? ©) 
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rye 6—npoBogumocth sepen; B, D, L — koncTauTpl, onpefessemple reomer- 
new oOpasia; C —emkocTb o6pasiia. 

V3 dopmys (1), (2) u (3), (4) ¢ yuerom 3aBucumocTH CBETOCYMMBI 7 H 

Tipopoyumoctn 6 ot E u T caepyer: | a 

_ 1. B enyuae . g. 9. I poga tgd c Bospactanuem E crpemutca K mocTo- 

AHHOMY 3Havennio; B cayyae d. 4. 9. Il poya npoxogur yepes MaKCHMyM. 

_ 2. @o cmelaetca c Bo3pactaHviem E, B 


eTopony Goubuimx yactoT B O6oux cyuaax, ind Dap! 
HO B cylyuae cd). 4. 9. | poqa uactotHpie Kpu- 90 ; 
Bble tg 6, CHATHIC IPH MaJIbIX 3HadeHUAX EL, 

HaXOMATCA BHYTPH KPHBbIX, CHATHIX MIpH Oowb- 40 


mux £. B cnyuae >. 4. 9. I poga sacrorupie 
kpuBple tg 6, cHATbIe Npu pasHbIx E, mepece- | go 
KaloTcs. & 
_ 3. Co — emkocTb dochopa npx o = 0 u 20 
sHayeHne tg Omax BCHy4ae Pp. A. 9. I\poga 
HPOnOplHOHaJIbHbI CBETOCYMMe fl, T. @. 3aBH- 10 
eaToT? HE. B cayyae cd. 4.9.11 pogaCo u 
ig 0 He 3aBHCAT OT YCNOBHI BOsOyxKeHHA. 


0 
_ Takum o6pa3om,H B Cly4ae TensOBOL 3/1eK- 60 
POHHOH TOJIApH3allHH MOXKHO pa3sJIMYHTb 
D. 4. 9. 1 u II poga. Oguako onpit noxaspi- | @ 


BaeT, TO B Culyuae d. A. 9. Il poqa sBcerga & 
BLINOJIHAIOTCA MyHKTbHI | uw 2 uw ManeKo He 220 
Bceryla MyHKT 3. Tak, Hanpumep, mpH u3yye- ~* 
Huu @. 1. 9. B ZnS — Cu, Co-docdhope Mb! oa ae 5 oy 
OHAPyKUIH MAKCHMyM B 3aBucuMocTH tg 6, \gf — 

E (puc. 1); mepeceyeHue uacTOTHbIX KPHBBbIX Gee GSn a Maunhr alam oem 
lg 6, COOTBeTCTByeT pa3HbIM 3HaYeHHAM . 1. 9. BO BpeMa Bos6yxKNeHHA TIpH 
4 (puc. Ain Co He OCTaBaJIOCb NOCTOAHHOH Be- Pa3HbIX HHTCHCHBHOCTAX BO3Oy2xK/la- 
MM4HHOU, KAK 9TO AOsMKHO ObiITbCormacHo (3), wulero crera E. 1 — E = 100%; 
40 YMeHbINAaOcb C BOspacraHHem 7 (puc. 3) 2— E= 3%; 3 — E = 0,3% 

M YBeJIM4MBAaJIOCh, CTPeMACb K IMOCTOAHHOMY 
sHaueHHIO C BospacTaHHem E (puc. 4). IlocieqHHe ABe 3aBHCHMOCTH HeJb3A 
bIIO OOACHHTb COBMECTHEIM JlelicTBHem @. 4. 9. 1 u Il pola, Tak Kak Mexyy 
sAKOHOM H3MeHeHHA CoM CBeTOCYMMBI He Opiio napawienH3ma.’ HwxKe mpl mo- 
: ' Ka3biBaem, 4To Co /MOsKHO '3aBHCeTb OT yCJIOBHii 
BosOyxKeHHaA HM Bicyyae :. A. 9. Il poga. Ora 
3aBHCHMOCTb OTCYTCTBYyeT B opMyvie (3) /noTomy, 


4TO IIpH ee BbIBOJe He ObIIM YYTeHbI BCe MpoLlecch, 
HMEIOLLHe MeCTO B peaJIbHbIx \pocdopax. B | camom 
t 60 flee, pH BEIBOZe opmyw (3), (4) ‘'B (7) peasbHblit 
fo docdop GbluI 3aMeHeH SKBUBAJICHTHOK CXeMOH, B KO- 


TOPO €MKOCTb 3epeH ocopa WyHTHpoBanach 

0 AKTHBHbIM COMpOTHBJIeHHeM. ITO M IIpHBeO K pa- 
7200-120 -40 40 120° ~—BenctBy Co emKocTH GuHfepa, T. |e. K HesaBucH- 
. mMocTH Co oT yCJIOBH BosOyaeHuA. DusnueckH 
Illy HTHPOBahHe O3HauaeT, YTO YCTAHOBHBMUIAACA M0- 
JApPW3alNA pH BCeX YCJOBHAX BO3sOyxKeHUA 
HMUTOKAeT BHElIHee JIeKTPHYeCcKoe Mose. OWHaKO B peasbHom docope stomy 
fellaioT Be MPHUHHBI:}|AupdpysHoHHoe ABUXKeHHe YBJIEKTPOHOB HM UX MaJiaw 
‘OHILeHTp alya. 

CraTwueckaHt eMKOCTb Co B peasibHOM qoccbope ompeeineTcA BeIMYNHOH 
ObemHOro 3apaya, OOycOBeHHOFO CMeLeHHeM 3JIeKTPOHOB K PpaHullam 3epeu. 
losToMy OHA, TaK Ke KaK H3apsAjl, OyeT MCHATHCA C H3MCHCHHEM YCJIOBHH BO3- 
yxenua. Tlonapusalua Toxwke ompeyeineTcA OObEMHbIM 3apAROM, CJlehoBa- 
2IbHO, MpeycTaBseHve O XapakTepe BJIHAHHA ycoBul BosO6yxeHuA Ha Co 
(O2KHO NOJLYYHTb, paccMaTpuBad HX BIMAHHe Ha MomApHsaruto. Jia storo no- 
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‘Hc. 3. Sapucumocth Cy | oT 
TemMepatypbi 


MeCTUM 3ePHO B OfHOpogHoe craTHyeckoe none. Ha seKTpoubi B coe dx 6yLyT)) 
jlelicrBOBaTb TPH CHVIbI: CHa BHeUTHero Noma ENeS dx, cua Moa NoApusayAn 
4nPNeS dx u cuna, OOYCNOBIeHHaA Pa3HOCTbIO AaBJIeHHH 9JIEKTPOHHOMO Tra3saly 


dP 
Ha IIpaBy!o H JieBylo CTeHKYy CuO dx, a S dx.3necb S — nuoulayb ceqeHua 3ep- 


Ha; P = NkT — jjaBseHve 3nekTpoHHoro rasa. Mb noularaeM, 4TO Moule Ha- 
CTOJIbKO c1a60, YTO He MeHAeT XapakTepa ABHKeHUA 9eKTpOHOB. IIpu ycra- 
HOBMBINEMCA PaBHOBeCHH B CJlydae OTCYTCTBUA CKBOSHOFO TOKa CYMMAa CHI paB- 
Ha HyvJiIo 


Peeve nojyuaem B BHe 
kT AN 


Snecb V nu V,— HallpAxKeHuA COOTBeETCTBeEHHO BHelIHeroO MOA HW TOMA No- 
aspusauyun, N —cpelussl| KOHUCHTpallWA SJIEKTPOHOB pu OTCYTCTBHH TOMA; 
AN—ee u3MeHeHHe y rpaHHIlbl 3epeH! 
(AN< N). Mu Bulpasuun AN / WN uepes E, 
BOCHOJIb3OBaBLIHCb YCJIOBHEM, TO IPH paBHO- 
BeCHH YHCJIO BJIEKTPOHOB, BOSHHKAaIOWWMX y rpa- 
HHUb! 3€pHa, paBHO 4HCyY HX peKOMOHHAaLAH 
C HOHH30BaHHbIMH IWeHTpaMH CBeyeHHA 


gE+ RN = An(N + AN), (7) 
Puc. 4. Sapucumoctb Cy OT HH- 

TeHCHBHOCTH Bos6yxaromero cBe- Tae gE uv RN —uvcnoO 3/eKTPOHOB, BOSHHKa- | 

Ta E jOULHX 3a CUeT BO3OyKCHHA WH CMeulatrouluxcH 

nog Jelicrauem noua; A —KostbpuuvenT pekom- 

OnHaLLHy; n — KOHIeHT pall un HMOHH30Ba4HHBIX WeHTPOB CBeyveHHA. [IpunumMaa 


1 1 
BO BHUMAHHe, 4TO TIP paBHOBecHOM Bo36yxJeHuH N~ E” u hoe (* 
nosyuaeM 
M 


E’l ? 


(8) 
rye F u M—xouctautp. Ilogcrapaan (8) B (6), nomyyaem | 
kT | 

VVp = 27 (F + rae (9) 


M3 (9) crelyeT, YTO TOMApHsalUA, a CeLOBaTeIbHO, H AOOaBOUHAA CTaTH- 
yecKa CMKOCTb Co YMeHbULaIOTCA C TeMMlepaTypol M BO3pacTaIoT, CTpeMACb K 
MlOCTOAHHOMY 3HA4YeHHIO, C YBeJIMYeHHeM HHTCHCHBHOCTH BO3OyxKaromlero CBe- 
ta. Takum oOpa30m, yer udpy3HOHHOrO ABMHKeEHHA 3EKTPOHOB MpHBOLUT 
K 3€BHCHMOCTH CTaTHYecKOH eMKocTH Co ot E u T, orcytcTByloulel B dopmysax 
(3), (4). Tlostomy 21a oObACHEHHA pesyJIbTATOB oMbiTa (puc. 3 Hu 4) HeT HeEOGxo- 
JMMOCTH TIPHBJIeKaTb JIOKAJIM3O0BaHHbIe 9JIEKTPOHbI. 

Ja BbIdHCeHHA “YACTOTHBIX 3aBucHMocTeH tg 6 Hu C MbI BOCHOMb3OBaINCb 
Ppe3yIbTATAMH (OpMaJIbHOH TeOpHu AH3IeKTPH4eCKHX MoOTepb: 


oir) ) ) 

of7o | 

6o= SEC Gr OF a 
0= Cy/s: (12) 


Shecb C., —eMKOCTb KOHJeHCaTopa Mp OTCyTCTBHH Bo3s6yxKIeHHA; o — Ha- 
YaJIbHaA MPOBOLHMOCTb HenOJIAPH30BaHHbIX 3epeH; Co — OGaBOuHaA eMKOCTb 
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B CTaTuueckom Mowe, § — Bpema penakcayuu. Bce 3aBucHMOcTH, Cosep2xallHe- 
ca B popmyviax (10), (11), (12), mpuBenenn B Tabu. 1.3 Ta6nuubI BULHO, NO Ka- 
MM IIpH3HakKaM MOXKHO pasMuuTb *. A. 9. I uw I] posa, ecu pu BEMMCeHHH 
mocieqHero y4TeHO Aupy3HoHHoe ABYXKeHHE 3IJIEKTPOHOB. 


' Ta6auuna 1 

1 Oxkujaemble 3aBHCHMOCTH @). J. 9. 

a 

| ®, q. 3., O6ycnOBNeHHEIH MpOBOAMMOCTHIO ®, 4. 9., o6ycnoBNeHHbIN-NOKaH30BaH- 
: B 3€PHHCTOM OOpa3szle HbIMH 3JIEKTPOHAMH 

¥ 

' 1. Hmeetca uacroTupll MakcumyM ja tg5,B o6macTH KoTOporo HaGosaeTcA 
4 nucnepcena yaa C 

2. Wo YMeHbilaeTcA c yMeHbUeHHeM E.| 2. Wp HAM He 3aBNcHT oT EF nau 
i, Uactotupie KpuBle tg 5, cooTBeTcrT- Bo3spactTaeT c yBemuueHHeM E, HO 
e ByIOWHe pasHbIM 3HaveHHsAM EL, ne- yYaCTOTHbI€ KPHBbIe, CHATLIe MpH 
& peceKaloTca pasHbix &, He mepeceKatorcs 


3. Bbicota-~uacToTHOrO MakcHMyma tg:6 nu sHaueHHe Co yMeHbIaloTcsa C yMeHb- 
meHHem, E usm pospacranvem T 


i 


A 4, Jina tg.t~u C wMmeioT MecTo TemnepaTypHble M@KCHMYyMBI 
; 5. C pospactranvem E C ysenuunpaetca, | 5. C yBemuyenuem E C u tgd Bos- 
: cTpemsaicb K HaCcbileHuIoO, a tg 6 npo- pacTaloT, CTpeMACb K HaCbIILeHHIO 
y XOJMT wepes MaKCHMYM 
‘ 6. Co Bospactaet c pocrom N mpu ma- | 6..Mmeer mecto napanenu3M B xa- 
UbIX KOHUCHTpalHAx 9.1EKTPOHOB paktTepe H3MeHeHHA Co H CBeTO- 
MpOBOAHMOCTH HW MpakTHYeCKH He CYMMBI 
" 3apucuT or N mp OoubuHx KOH- 
. WeHTpaluax 
Toppxoscxni § ccleqopateibcknii Tocrynuso 
HSHKO-TeEXHHYeCKHH = HHCTHTYT 13 I 1960 
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loxazagn Akawqemun nayk CCCP 
1961. Tom 137, Ne 3 


TEXHHYECKAA PH3SHK 


to. M. NJIMUWIKHH 
O CTABHJIBHOCTH MHKPOTPELUHH B TBEPJIOM TEJIE 
(ITpedcmasaeno axademuxom T. B. Kypdromosom 19 XI 1960) 


MukporTpelluubl B TBepAbIX Teax (1) MOryT ABATbCA KOHILEHTpaTOpaMu Ha- 
IIpaxKeHHH pH paspylWweHHu TBeporo Tesla Ha pa3spplB (*). HerpyqHo mpescta- 
BHTb BO3MOXKHOCTh BOS3HHKHOBeHHA YCTOHYMBOrO OOpas0BaHHA THMa TpeuluH 
B HCKa@2KeHHOM KpucTaviie (?); HEKOTOpble TeOpeTHYeCKHe MOLeJIH TAKHX TPeuLHH 
OblIH OOCYKJeHbI C NpPHBMeYeHHeM annapaTa Teopuu AucoKanuK (*). OHaKo 
3HAYHTeIbHbIM MHTepec MpeACTaBJIAeT BOTIpOC O BO3MOXKHOCTH BOSHAKHOBeEHMA 
ycTOHYMBOH MHMKPOTPpeLLlHHbI B HLeaJIbHOH KPHCTaJIM4YeCKON pelleTKe No Aei- 
CTBHEM PaCTArMBaIoulHX HanpAKeHHH, He BLIXOANLAX 3a Mpesesbi OONACTH yi- 
pyroctu. Ilocnequaa 3aaua Oplia NOMHOCTHIO pellieHa JIA OJHOMepHoro cuy- 
yaa (°), H OblIo NOKa3aHO, YTO WeMouKa ATOMOB, KaKbId H3 KOTOPbIX B3aHMO- 
yeHCTByeT C MapoH coceqHHX TO 3aKOHy 


v (r) = —Ar-* + Br-’ (1) 


me A, B>0, v>p>0 — KoncTaHTbl, v — MOTeHIHasbHad 3HeEprHA B3aHMO- 
JeHCTBHA, fF — paccTOAHHe MexKAy aToMaMH), HMeeT ABe KOHNurypaluu, pH 
KOTOPbIX NOTeHWMaIbHaA 9HeEPrHA, PoCTHraeT MHHHMYM@, a HMeHHO KOHury- 
palvio, B KOTOPOH BCE Me@XKAaTOMHbI€ IIPOMEKYTKH PaBHbI Apyr Apyry (Kpu- 
cTaJi1 O€3 «TPeULHHbI») , 4 KOHUTYpallHo, B KOTOPOH OHH M3 M@KATOMHBIX TIpo- 
M@XKYTKOB OoVIbIie BCEX OCTAJIDHbIX (KPHCTa Cc «TpenHHOH»). J ByMepHBIi ca1y- 
yali ObluI paccmMoTpeH B pa6orte (°), B KOTOpOH Oblvio NOKa3aHO, 4YTO YCTOMYHBAaA 
TpellMHa B PpaCTAHHYTOM HAeaJIbHOM KpHcTae OOpasoBaTbCA He MOET, OLHAKO 
B 9TOH paboTe NOCTyIHpoBasach (popMa TPeMHHEI, YTO ABJIA€TCA CYLLCCTBeHHbIM 
HeOcTaTKOM, HOO dOpMa TPelHHLI CaMa JOJOKHA ONPeeATbCA M3 YCJIOBUH 
MHHHMyMa NOTeHUMaIbHOH 9HEprHuu. OTOT HeMOcTaTOK, a TakxKe pA, HeLocTaT- 
KOB OOuleH KoHMenMHHM Ipuddutca (°) OblviM yaTeHbI NpH PopMy.IMpoBaHHN 3a- 
adv 06 YCTOHYHBOCTH TPeLHHbI B UeaIbHOM KPHCTaIIM4eCKOH pellleTKe, u 
OblJIO MOKA3aHO, YTO KOHHTypalluA C TpellMHOH, OPHeHTHPOBaHHOK NMepnenszu- 
KYJIAPHO HalipaBJIeHHIO pacTAKeHHA, MpelcTaBAeT CoGoM OHO H3 COCTOAHHI 
pacTAHyTOM KPHCTaJIMYeCKOM PeIeTKH, COOTBETCTBYIONLee MHHHMYyMY MOTeH- 
WHabHoH 39HeprHH (’). 

B Hactosilel padoTe paccMoTpeHo peuleHve Mlockol 3ayauH 06 ycToruu- 
BOCTH TPeULHHbI B paMKaX MHKpockonMyeckoH MogesmH (’). I]poOmema cBogqutca 
K OTbICKAHHIO MAHHMYMOB MOTeHIUMaIbHOM SHEPrHH B3aMMOJeHCTBHA ATOMOB B 
Kpuctauie. Kak Opiuio NOKa3aHo, MpHpallenHve MOTeHILMaIbHOM SHEPrHH B3aHMO- 
felctBuaA Ha yuacTKe (—R, R) B BHIOpaHHoH Moe HMeeT BHA dyHKUMOHama 


Vi (24, 22) CHAT ec — 
R 1 N N-1 
= \ > v [27 (x) — za (x)] + oro Dd) (VIF (2) — i)"} dx, (2) 
ak tt i=1 
rye 
2p S22) (0), ee ee (3) 


p pinras © ” 

ypaBHeHue, onucpiBatoulee i-f aTomuHbili col; N + 1 — ancno aToMHBIX C10eB 
B HalpaBJICHHH PaCTAKeHHA, &—TYyYKOBCKaH MOCTOAHHAA; To — HOPMaJIbHOe 
MexKaTOMHoe pacctosnue. pu stom cyxKmuu (3) yqoBseTBopsIOT yCsOBHIO 
eS 

CBA3H 


N 
| . Das) = a 2) (4) 


: i=1 


re h —TosMMHa KpHcTanna, KOTOpad ABAAeTCA MapaMeTpom, xapakTepH3y10- 
MAM cTeleHb pacTsxKenua. Vuteppan (—R, R) o6nagaer Tem cBOLICTBOM, 
q7o WA X< —Rux>-+R BbMONHAWTCA paBeHCTBa 


2;(x)=ih/N, i=1,2,...,N, (5) 


r. €. BHe HHTepBana (—R, R) Kpuctasm pacTaruBaeTcA paBHOMepHO, H BCe 
MEXKTIJIOCKOCTHbIe paccTrosHuA paBHbl A/ N. 
- jaa Toro uro6pt uccueqOBaTb BONpOc O BOSMOMKHOCTH CYyIeCTBOBaHHA CTa- 
SHUbHBIX TpellHH, HeOOXO{UMoO BbIOpaTh FpaHHyHble YCOBUA 1A MAHHMH3Hpyio- 
Hux bynkuuit (3) raxum o6pa3om, uToOn @yHkuHoHan (2) BapbupoBasca H Mo 
ae ls R. WUnemu cnopamu, TpeOyeTca pelliuTh BapHalHoHHylo 3azayy 

NOABHKHbIMA KOHILAMH, 2 HMCHHO KOHI[bI KPHBBbIX (3), OcTaBJIAIONIHX MHHH- 
MyM @YHKUMOHay (2), OJMKHbI se*KATb COOTBETCTBEHHO Ha MIpAMbIX (5). 

OcHOBHBIe yimpouleHua, JomycKaemble B Mpolecce MaTemaTH4ecKoroO HCccuJe- 
JOBAHHA 3aa4uv, CBOAATCA K culenyroulemy: 1) BMecTo OOmero pelieHHA NocTaB- 
ICHHOM BapMallHOHHO 3aa4uH MULeTCA YaCTHOe, OCHOBAHHOe Ha IIpeANovIo*KeHUH, 
ITO B HJleasIbHOM KPHCTaJIe He MOKeT OOpasoBaTLCA Ooslee OHO TPeULHHbI B 
{alpaBJIeHHH pacTaKeHHA; 2) BCe pacCTOAHHA M@XKLY ATOMHbIMHM CJIOAMH B Ha- 
IpaBJIeHHH PacTAKeHHA, 3a MCKMOUeCHHeEM TOrO, KOTOPOe COOTBeTCTBYeT Tpe- 
MuHe, paBHbl Mexky coOol. Oba 3TH AONyULeHHA OCHOBAaHbI Ha CTporoM oKa3a- 
‘eJILCTBE JIA CJlyyad OHOMePHOH MofeM KpucTauua (°). 

B pe3ysibTaTe 3THX YMpoOUleHH YHCIO HeEM3BeCTHHIX PyHKWHH (3) CBOAMTCA 
{ OHO y (x), KoTOpad mpescTaBsAaeT COOOl TOJIMIMHY TpeuHHbI, eC TakOBaA 
yulecTByeT. DyHKIHOHAa (2) H paBHOCHJIbHoe emy AudpepenuvasbHoe ypaB- 
eHue Qiiepa AA IKCTpeMasieH MpHoOperaloT Oowlee MpocToH BUI: 


r R 
Vi y) =~ \ Ely + Bu ax, (6) 
aE dy? By 

Pe 198 (3%) 4 =0, (7) 


‘me § — KOHCTaHTa, 3aBucamtan oT N, 
5 E(y) =v(y)+ (N— ljo[(h—y)/(N — 1). (8) 


| Oxcrpemamb y (x), AA KOTOpOH dyHKuNOHaN (6) ocTHraeT MHHMMymMa, 
lOJ2KHa YOBNeTBOPATh ypaBHeHHIO 


ay — (38) “LE (y) — E (b)”, (9) 


me b—TomMMHA TpelluHbl B HaHOosee WHPOKOM ee MeCTe, H, KpOMe TOYO, 
OHIbI STOM SKCTpeMaH MOMKHbI NexKaTb Ha Npamolt y = h/ N. Kak uspectHo, 
/ TOUKaX x = —R,x=—--+ R OAK ObITH BHINOJHEHbI YCOBUA TpaHCBep- 
a IbHOCTH 

} 

(F —y'Fy)qo—r = (F —y'Fy)x=r= 9, (10) 
: 
me F—nojpmtrerpanbnan dyHkuua dyHkyMouana (6), Yuuntbipas, 470 
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t 


| 


= 48 (y’)®, yenosua (10) MoxHO Nepenucatb B Bue | 
[E (y) — 38 YU) leeae = 9: (1) 


Tlockombky y(x), Bxofaman B (10) wn (11), saBnaeTca skcTpeMaJibio 
CNeQOBATeIbHO, YOBseTBOpsAeT ypaBHennto (9), ycnopna (11) mMoxHO mp 
o6pas0BaTb CJlefyIOWlHM OOpa3om: 


[E (y)— 38 (y')41 ng = [E Ol wae = 0: (1s 


YcuOBHA TpaHCBepCaJIbHOCTH IIPHBeJIH K PaBeHCTBY, He 3aBHCALeMy OT 7 
Kak culeqyeT H3 CBOlCTB (yHKUHH (8), paBeHcTBo (12) He BHINOHAeTCA HH Mp 
KaKHX 3HaveHHAX 5 M3 MHTepBasa JONYCTHMbIX 3HaYeHHH. Takum o6pa3om, 
CyllecTByeT SKCTpeMaJIM C MOABHXKHBIMH KOHILaMH, OOpatiaioule B MHHUM 
dyHKuMoHa (6); ApyrvMH CJIOBaMH, B HeasIbHOH KPHCTaJIM4YeCKON peLlleT 
CTaOHJIbHOH TpelliMHbI OOpasoBaTEcnA He MoxeT. IlocueqHee o3HayaeT, 4TO MK 
TeHIHaJIbHaA 9HeEpruA KpHcTasa V Kak PYHKWMA pasMepoB TpellHHE R ABMS 
eTCA MOHOTOHHOM, eCJIM B KaveCTBe KOHTYPa TPelHHbI BLIOHPaeTCA BCAKHH p 
MHHHMH3Hpyloulan 3skcTpeMab y (x). MoxkHo NoKa3aTb, 4TO MOTeHIMabHe 
39HeprHaA KpHcTaia | 


R 
Vy. y)=+ | (EW) +B ide +ZE(RIN)(D—R), (8 


—R 


rye D— kounctaHta, yoBjetsopsiomlan ycnosHio DS >R wu urpatoulaA pos 
pa3sMepoB KPHCTaJJia B HallpaBJIGHHH PaCnpocTpaHeHHA TpellHHE!, a y (x) 
SKCTpeMaJIb Jin CyHKWHOHasa (6), yObiBaeT c BO3SPacTaHHeM NapaMetpa 
Ilonctapnaa B (13) BEIpamenue (9) BMecTto y’ (x), NOmyuHM 


R 
viy=~ \ [FEW —FEO|dx += E (h/ N)(D—R). (14 


Pa3060bem HHTepBan (— R, R) Ha OONaCTH B 3ABHCHMOCTH OT TOrO, KaKO 
3HaK MMeeT pasHocth U = F (y) — E (h/ N), rye F — nogpiterpaabuas pyHk' 
nua (14). Ha unreppanax 


(— R; Xo); (Xo, Rk), te 2 0; (15 


COOTBETCTBYIOMMHX KOHWeEBOH 30He TpemjHHbI, U > 0, T. e. BO3HHKHOBeHH( 
TPeWlHHbI MpHBOAUT Ha 3THX yuacTKaX K MNOBbIWeHHIO SHEPrHH MoO cpaBHeHHK 
C OOacTbIO KpHcTalia 6e3 TpemlMHbI. CyMMapHbi pa3mMep oOsactel (15) 
KaK JierKO BHJeTb, C BO3spacTaHHem R yOpipaet, a OONacTb, rye U <0, Bo3 
pacTaeT HeOrpaHH4YeHHO, CJeOBaTesbHO, Cc BO3spacraHHem R  V MOHOTOHHC 
yOpiBaet. 

Ha oOCHOBaHHH CKa3aHHOrO MOXKHO CjleaTb CJleLyIOulWe 3akJIOUCHHA: 

1. Hecmotps Ha TO, 4TO KOHUrypalluA KpPHCTaia C TpelWlHHOH COOTBeTCT 
ByeT MHHHMYMY MNOTeHI[MaJIbHOH SHEP B KaxK{bIM JAHHbIt MOMeHT, TpellHHé 
B HeabHOH peleTKe Cama M10 ce6e He MOXKeT ObiTb CTAOHJIbHOM, a HMeEHHO, eCJIH 
OTCYTCTBYIOT IPeMATCTBHA JIA ee pacnipocTpaHeHHA, TO, KaK TOJIbKO TPelllHHe 
BOSHHKaeT, OHA TOTYAC PACMpPOCTpaHAeTCA CO CKOPOCTbIO NOPALKA CKOPOCTH 3By 
Ka lO BCeMy KpHcTasuy. CrelyerT MosyepKHYTb, YTO CHVIbI CIerJIeHHA ATOMOE 
He MOrYT C/lyKHTb IpeMATCTBHeM K PaCNpocTpaHeHulo TPellMHEI, IpenAaTCTBUA: 
MH MOryT ObITb TOJIbKO HCKaxKeHHA KPMCTAJIMGeCKOH pelieTKH. 

2. PaccmorpeHHas TpeulHHa mpescTaBssneT co6oM YHCTO ympyroe oOpasoBay 
HHe B TOM CMbICJIe, UTO ECJIM BHeLMIHHe HallpxAxKeHHA OYLyT CHATHI H He OyseT npe | 
NATCTBUM JIA 3AXJIONbIBAHHA, TO TPellMHa 3aXJIOMHETCA, H BOSHHKHOBeHHE ee 
OyeT COMPOBOKMAThCA MOBIMEHHEM 9HEprHuu. To OOCTOATeMbCTBO, YTO B peasb- 
HbIX TBEPAbIX TelaX, KaK paBHJio, He HaOsmOMaeTCA YHCTO XpynKoro paspywie 
HMA, OSHAdaeT, YTO paspylleHHe MPOMCXOMMT He MyTeM pacnpoctpaHenusA ypy~ 
rod MUKpotpenHHB. Ec mpeqMosOKUTb, YTO KOHWeHTPaTOpOM Halips2KeHHt 


566 


ABJIACTCA YCTOMYMBAA TpellHHa, TO MOCEAHAA JOMMKHA OLITh TpeulHHo B y2xKe 
ACKaKeEHHOM pelleTKe. BHauae NpoxosUT nuacTuyeckad Recbopmalna, conpo- 
OM MaOUlaicA UCKaKeHHAMH PeleTKH, H JIMUIb MOCe ITOFO MOKET BOSHUKHYTb 
YCTOHUHBaA TpellNHa,. : 

AsTop BbIpaxkaeT rny6okyio npu3sHatembHocTs A. H. Opnopy 3a BHAMaHHe 
WavHOH paodorte. 


VMuctutyt u3HKH MeTavsi0B Tlocrynvao 
AxkajemHH Hayk CCCP 14 XI 1960 
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Jloxnann Akayemun Hayk COGP 
1961. Tom 137, Ne 3 


TEXHHYECKAA @®H3SHKA 


H. M. POCTOBLLEB u f. H. ENM®AHOB 


BJIAAHWE MOBEPXHOCTHO-AKTHBHbIX CPEJT HA CKOPOCTb 
YJIBTPASBYKOBOH OBPABOTKM TBEPJIbIX TEJI 


(IITpedcmasaeno axademuxom IT. A. Pe6uxndepom 26 1X 1960) 


MuorouncJieHHbIMH paOoTaMH NoKa3aHo (*), YTO AKTHBHBIe cpelb (cMaso4- 
HO-OXJIAKalOulWe XUAKOCTH) MOFyT OKA3bIBaTb CHJIbHOe BJIMAHHE Ha MIporeccsl’ 
MexaHHyecKkOH OOpaOoTKH TBepAbIX Tel. OTO BJIHAHMe COCTOHT B OOMerueHHH 
JOKaJIbHOrO paspyWieHHA OOpadaTHIBaeMoro Tela H MpOABJIAeTCA B YMeHbIlle- 
HHH yUebHOH paOoThl paspylWieHHA, yJIyYWIeHHH KayecTBa OOpaboTaHHoH Mo-| 
BepxHocTH H 1p. [Ip cBoOoqHOM CTporaHHH MaCTHUHBIX CHJIbHO yYIpOuHAo- | 
ILHXCA MeTAJIJIOB yeJIbHad paboTa pesaHHA NOM BJIMAHHeEM AKTHBHBIX Cpej, Mo- 
*%KeT YMeHbINHTECA B 2—4 pasa (?). 

OcoOeHHO 3HaYHTeJIbHBIM MOXKET OKA3aTbCA AeHCTBHe aKTHBHOM CpefbI pH | 
TOHKOM J\McneprupoBaHHH. He6oupuine 2oOaBKH CHJIbHO MOBEpXHOCTHO-aKTHB- 
HbIX BeULe€CTB K HeNOJIAPHbIM PaCTBOPHTeJIAM YBeJIMUHBAIOT, HaNpumep, cko- | 
pocTb WWIHpoBaHHA B HeCKOJIbKO pa3 (°). Tak KaK yJbTpa3sByKoBaA OOpaborxa | 
TBEPAbIX TeJI MpekcTaBsaeT CoOolo0 Mpollecc TOHKOrO UX AUCHeprupoBaHHsA, TO 
MO?KHO OXKHaTb, 4TO H B ITOM Mpolecce MOBepXHOCTHO-aKTHBHble cpelyl OyLyT 
MPpOABJIAT BbICOKYIO 3PPeKTHBHOCTh, BbISLIBAA YBeMHUeHHe CKOPOCTH oOpa- | 
OOTKH. 

HecmoTpa Ha OYeBHAHYIO BaXKHOCTb STOFO BOMpOCca Kak B MpaKTH4eCKOM, TaK 
HM B TCOPeTHYeCKOM OTHOUICHHH, OH COBePLWeHHO He H3y4eH MH JO CHX Mop octTa- 
eTCA HesACHBIM. J.aHHad paOoTa ABMIAeTCA MO CyMecTBY MepBOH NOMbITKOM Uccue- | 
OBaHHA BJIMAHHA THITMYHIX MOBCPXHOCTHO-aKTHBHBIX Cpe Ha CKODPOCTD | 
YJIbTpa3sBYKOBOH OOpaOoTKH TBePABIX Te. 

B nepBolt CepHH OMbITOB M3yua/IOCb BJIMAHHe Me€XaHHYeCKHX CBOMCTB TBEp- | 
JIbIX TeJI Ha 9pPeKTHBHOCTb AeHCTBHA AKTHBHBIX cpey. Kak usBecTHo (7,4), mpH 
oOpaOoTKe MeTaJJIOB pesaHHeM 9:PeKTHBHOCTh AeHCTBUA Cpe, 3aBHCHT nMpexyse 
BCerO OT M€XaHHY¥eCKHX CBOHMCTB OOpabaTHIBaeMbIxX MeTa0B. IIpu mpounx ofH- 
HAaKOBbIX YCJIOBHAX Cpelbl MPOABAIOT HAHOOJIbLIyIO ScppeKTHBHOCTb pH pesa- 
HHH BA3KHX, BbICOKOMJACTHUHbIX CHJIbHO YMPOUHAIONLMXcA MeTasioB. Ha me- 
Talax %Ke, pesaHHe KOTOPbIX HAeT Oe3 3aMeTHOH MlacTH4ecKoH ecdopmanuH, 
WIM Ha MeTasIaX, CJlaOO YMPOUHAIOULUXCA H3-3a HHTeHCHBHO MpoTekatorero 
B HHX OTZbIXa, JeHCTBHeE AKTHBHbIX Cpe 3HaUHTebHO cwaGee. 

C iebiO H3yYeHHA 3ABHCHMOCTH Sc*PpeKTHBHOCTH JlelcTBUA Cpe Ip ybTpa- 
3BYKOBOH OOpaOoTKe TBEPALIX TeJI OT HX M@XAHHYeECKHX CBOMCTB MpoBeeHo HCc- 
CJIe€lOBaHHe BJIMAHMA PaCTBOPOB OMNTHMAJIbHOM KOHIWCHTpalHu OsleaTa HaTpuA 
B BOe, OJICHHOBOH HM MaJIbMATHHOBOHM KHCJIOT B O€H3HHE Ha CKOpOcTb OOpaboTKH 
pia 4HCTHIX MeTAJWIOB (MeAb, AJIOMHHHH, 2Kesle30, CBHHEL, WHHK, CypbMa), 
oOakarouluxX pa3JIMUHbIMH MeX@aHHYeCKHMH CBOMCTBAMH, CMWaBOB CBHHIa C 
CypbMOH HM yrvlepoAHCTHIX cTaIeH. OOpaOoTKa MpOu3BOAMMAaACb pu wacToTe KO- 
JieOaHuit MHCTpyMeHtTa v = 17,5 Kru, ammuuTyye KomeOaHni A = 24 uw cue 
TOKaTHA OOpasia K HHcTpyMeHTy 2 KI. WuctpyMeHToM Ci1yKHI WHIMHEpH- 
yYeCKHM HaKOHe4HHK J\MaMeTpoM 5 MM, H3POTOBJICHHbIi H3 He3aKameHHOM cTaJIu 
Y-8. OOpaGatTprBaemble OOpa3iibl MOMeLaHCb B CNelMaJIbHYIO KIOBeTY, B KO- 
TOPYIO 3aIMBaocb 0,5 cm*® HccIeqyemMoro pacTBopa H 3acpbIMasocb 150 mr moport- 
Ka KapOuga Oopa sepHuctocThio 120. OnbiTh NpoBO_HMch Mp TemmepatType 
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20°. 3a appektuBHocTh AelicTBHA cpeh MpHHHManacb BeAMYHHa a = 

v—Jd 

en 100% , re vo — ckKopocTb o6pa6orku (mr/muH) B pacTBopHTee, v — B 
0 


ACTBOPe ONTHMAJbHOM KOHIeHTpalMn. PesyibTaTEl HCCeLOBaHHA Mpescras- 
meaaseraos,.1, 2/u 3: 


i Ta6Oauna 1 
t ShhektuBHocrh AelictBuad (%) NOBepXHOCTHOAKTHBHHIX cpe NpH yabtpa- 
5 3ByKOBOH OOpaOoTKe TeepABIX Te 
i 
' Anto- an p 
uunun | Megp | Keneso } Caunen} Lunx | Cyppa | Crexno 
1% pacTB. OleaTa HaT- | | 

= \ Ee j 
| PUA B Bose — 350 | 230 120) 90 a ke 
i) 2% pacTB. ONeHHOB. 
"ss KHCIOTEI B GeH3HHe 470 | 100 70 |—4100} 0 0 0 

2%  pacTB. MaJibMHTHH. 

KHCJIOTEI B OeH3HHe 170 } 400 60 | —100 0) 0 


} 
, § ‘i " ae 


| V3 ta6anu BugHO, YTO HM IPH yAbTpasByKoBOl, OOpaboTKe sipeKTHBHOCTE 
feCTBHA Cpe AocTHraeT HaHOoJIbiero 3HaYeHHA Ha MaCTHUHbIX, CHJIbHO ym- 
JOU AOMLHXCA B J[AHHbIX YCJIOBHAX MeTaJIJIaxX — Ha MeJ\H, aJIIOMHHHH Hi Kevle3e. 
SKopocTb OOpaOoTKH 9THX MeTasJIOB 


JO, BAMAHHeEM MOBePpXHOCTHOAKTHBHBIX Ta6Oamuna 2 
joOaBoKk yBelHuMBaeTCA B 2—4 pasa. Oppextusuocrs zelicraua 1% pac- 
Ha XpyNKuXx CypbMe HCcTeKsie SPeEKTHB-  TBOpa OeaTa HaTPHA B BOJe pH yabTpa- 
HOCTb OKA3bIBaeCTCA paBHon HYyJ0. Tlo 3BYKOBOH OOpaboTKe ciuaBoB cBHHeER— 


cypbMa 
Mepe jo0aBJIeHHA B CBHHEIL CYpbMbl, 


a TakxKe MPH Mepexojfe oT nsacTH4uHOrO 
Kelesa K cTramuH Y-8 B He3akaJIeHHOM H 
3aKaJICHHOM COCTOAHHAX 3¢ppeKTHBHOCTB 
eHCTBHA cpel mayaer. 
_ SacmyxuBaeT BHUMaHHA TOT (pakT, Snaerten 
WTO PaCTBOPbI OJIEHHOBOH MH NasbMUTHHO- a os 
BOM KHCJIOT He YCKOPAIOT, a, HaobopoT, 
3aMe NAOT Mpowecc yJIbTpa3sByKOBoOli 
o6pa6oTKu cBuHiwa. Ilofo6Hoe aBsenue, Ha60,aBUeecH TakiKe B (?) Mp TOH- 
KOM JIHCHeprupOBaHHH aJIOMHHHA KOMbeBHAHbIM CBepJIOM B HA3SKOKOHILeCHTpH- 
POBaHHBIX pacTBOpax BHICOKOMOJICKYJIAPHbIX %XHPHbIX KHCJIOT H CMMPTOB, MoO- 
*KeT ObITb OObACHeEHO culeqy- 
Ta6auua 3 1OULMM O6pa3oM. 


OQhekTuBwocTs jelicrsuad 1% pactBopa oseata get tow aitss ip beige cae 
“HaTpHA B Boye Ip YIbTpasBy KoBolt o0paborKe IOT B Mpoweccax epopMaun U 
Serre PpasPpyWIeHHA TBeEPALIX Te JBO- 

AKOe JeHCTBHe: OHH OGerualoT 
Cranb Y-8 mpoTekaHve mlacTHyeckoH jle- 
AP ey ae (pOpMallHH Ha NepBbIX CTaHAXx 
eopmMaiuH (aycopOuvoHHaa 
Binge IWIaCTHPUKAaWHA) AH BbISbIBaIOT 

D abers Goulee MHTeHCHBHOe ympouHe- 
Belict- HHe WM Coulee ObicTpoe ucuepma- 
Bus (% 230 60 30 He IlvlaCTHYHOCTH Ha mocuely- 
JOULHX CTaqHAX ecdopmanyn 

| " (adpdekT «<OXPYyNYHBaHHA»). 
B 3aBHCHMOCTH OT (PH3HKO-XHMHYeCKOl MIPpHpObl Cpe M (usHKO-MexaHMyecKUx 
CBOHCTB TBEPALIX TeJI CTeMeHb PasBUTHA KaxKOH M3 STUX CTA MoOMKeT ObITD 
pas auuHon. Jia KnaccuuecKHxX OpraHHyecKHX MOBePpXHOCTHOAKTMBHBIX BeLLeCTB 
ga hype X%KMPHble KHCJIOTHI, CIUPTbl HU T. I.), HAMpHMep, MactTu- 


6 JUAH, T. 187, Ne 8 
f 


CoyepxkaHne CypbMbiB cnviaBe (%) 
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up yloulee AeHCTBHE BbICTyMaeT OObIYHO CTOJIb pe3KO, YTO MaCKHpyerT spdek 
oxpymuuBanna, Ja *KHIKHX Ke MeTaJJIOB (PTYTb, OJIOBO, HHH HT. J.), IpH 
MeHAeMbIX B Ka4eCTBe AKTHBHBIX Cpe, apdpeKT OXPYNYHBAHHA MOKeT Mpeoba 
jaTb B pAe Cy4aeB Ha alcopOuHOHHOHM MacTHpuKalHvel WH NpHBOAHTb K TH 
MHYHOMY XPYNKOMY Pa3pyLIeHHIO paHee MaCTHUHBIX Tes (’). 

AjcopOuvoHHad WiacTHpuKalua, oOseruaioulad TeyeHHe MeTaJa, 3aTpyy 
HAeT Tlepexoy ero B 30HE paspyIeHHA B NpeebHOe COCTOAHHe, BCJIEICTBH 
yero OHA JOJIKHA YMCHbIUATb CKOPOCTb YJIbTPaSBYKOBOH OOpadoTKH. Ilostomy 
KaK H TIpH OObIUHOM pe3aHHH, OpraHHyuecKHe Cpesbl OKA3bIBalOTCA 9PeKTHBHLIM 
AHMIb TIpH YJIbTPpa3ByKOBOH OOpaOoTKe MaCTHYHbIX, CHJIbHO YNPOUHAIOULAXC 
MeTAJIJIOB, HA KOTOPbIX 34Me€THO IPOAB 
asetcad adpekT oxpymunBanua. Ha me 
TawwlaxX Ke C HA3KOHM TOUKOH peKpHcTat 
JIH3alHH, B KOTOPbIX OTAbIX IpoTekae 
C OO/JIbUIOH CKOPOCTbIO, stpeKTHBHOCT 
cpeq He MoxeT ObITb BbICOKOH. Bowe 
TOrO, B pAye CulyuaeB OHA OKA3bIBaeTC 
jake OTPHWaTeJIbHOH, KaK 9TO HMee 
MeCcTO TIpH O6pa6oTke CBHHILa B pacTBO 
paX OJIGEHHOBOH M TWaJIbMHTHHOBOH KHC 
JOT. 

LTE e eed rae eae Bo BTopou CepHH ONbITOB HccJelo- 
0 04 08 12 [baa BalaCb 3@BHCHMOCTb 9PeKTHBHOCTH 
J\eHCTBHA PaCTBOPOB TOBepXHOCTHOaK 
Puc. 1. 3aBHCHMOCTb CKopocTu YIbTpasBY-  -PHBHEIX BeLLeCTB OT HX KOHICHTP allan. 
KOBOH O6paOoTKH TBePABIX TeJI OT KOHIeCH- Tlelicrsue TaKHx pacrBopos cyulecTBeH 
TpawMH PaCTBOPOB OJleaTa HaTPHA B BORE. 
/— o6pa6oTKa menu, 2 — xKeNe3a, 3 —unH- HOSABHCHT, KaK H3BeCTHO, OT XapakTepa 
ka, 4 — CBHHIA MexaHHyeckol o6pa6oTku. IIpu cBo6on 
HOM CTporaHHH adieKTHBHOCTb pacTBO- 
pOB, KaK IIpaBHJlIo, HenpepbIBHO pacTeT C yBeJIHYeHHeEM HX KOHUeHTpalHn u 
jocTuraert HanOobulero 3HayeHHua mpH 100% cofepxaHHH akTHBHOH KOMMO- 
HeHThI (7). B TakHx 2Ke Npoleccax, Kak WIMpoBaHHe, pasBepTHIBaHHe, JOBOAKa 
UT. Il. 34KOHOMepHOCTb JelCTBHA Cpe HOCHT afcopOWHOHHbI xapaxtep (°,°). 
O6baCHAeTCA 3TO TEM, UTO B ITHX Mpolleccax CbeM CTPYKKH MPOHCXOAMT He pH 
OMHOKPaTHOM BO3eHCTBHH HHCTPpyMeHTa, KaK TipH OObIMHOM pe3aHHH, a B pe- 
3ybTaTe Oo/IbIOrO HCA MpeAWlecTBYIONINX BO3LeHCTBHH, MOATOTaBJIMBaIOULHX | 
pa3pyuteHue. AjcopOWHoHHad MwacTHpuKaluA, saTpyAHAIOWLaA OTeeHHe Me- 
Tala Ip OHOKpaTHOM BO3eHCTBHH, CNocoOcTByeT Ooslee COBepLeHHOMy ero 
TecpOpMHPOBaHHIO, a CIeMOBaTeJIbHO, OoJlee HHTCHCHBHOMY OXPYIYMBaHHIO IIpH 
MHOPOKpaTHbIxX BO3elcTBUAX. [losToMy 4¥eM MeHee COBeplieHeH Mpolecc paspy- 
IUGHHA H YeM OoONbIUIee YHCIO BO3LeEHCTBUL TpeOyeTca JIA NOKAJIbHOTO pa3spy- 
IIe€HHA MeTaia, TEM pe3ue AOJMKeH MPOABJIATbCA ANCOpOUMOHHbIN XapakTep 
WeHCTBHA cpell. 

Tak KaK Mp yJIbTpa3sByKOBOH OOpaOoTKe MIaCTHYHbIX MeTAJJIOB Mpoleccy 
JOKAIbHOrO PaspyINeHHA MOBEPXHOCTH MIpeMWlecTBYeT 3HAYHTeIbHOe YHCIO BOS- 
JCHCTBUH aOpasHBHbIX 3epeH, YNPOWHAIOMULHX STY NOBePXHOCTb H MepeBoAWHX 
MeTaJLJI1 B Oolee XPyMKoe COCTOAHHE, TO CJleyeT OMKHMaTb, YTO MH B STOM Cy4ae 
BJIMAHHe Cpe, Ha Mpollecc OOpaboTKH OyeT HOCHTb TakxKe aCOPpOUMOHHbI Xa- 
paktTep. 

B KauectBe mpHMepa Ha pxc. | mpeycTaBsieHa 3ABHCHMOCTb CKOPOCTH YJIbT- 
Ppa3sBYKOBOH OOpaGoTKH Me,H, *Kese3a, WHHKA H CBHHILa OT KOHUeHTPallHu Ovle- 
ata HaTpHA B Bose. V3 puc. | BuAHO, YTO yKe NP KOHWEHTPalHAXx NopsAyKa 
0,2—1,0% sdhdbekT MocTuraeT npesetbHOrO 3Ha4eHHA HM MpakTHuecKH He Me- 
HATCH MPH aIbHeHUIeM YBeIHYeCHHH CoepxKaHHA OJeAaTa HATPHA B pacTBope. 

TlopepxHocTHOaKTHBHble BeIeCTBA OKAa3bIBalOT BJIMAHHe TakiKe Ha Xapak- 
Tep JIYHOK, BbIpaOaTbIBaeMbIX HHCTPyMeHTOM B Tipollecce yJIbTpasByKOBOH 00- 
padorkn. [Ip o6pa6oTkKe miacTHUHbIX MeTAJIVJIOB B CYCIe€H3HAX, He Cofep Kalyx 
AKTHBHBIX MPpHCaoK, BOKPyr JYHKH OOpasyeTCA BaJIMK, ABJIAION|MHCA pesyJb- 
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ATOM ME/JICEHHOrO MVaCTHYeCKOrO BbILaBIHBaHHA OOpabaTHIBaeMoro MeTAaJLa. 
3 IIPHCyTCTBHH 2Ke B CYCMeH3HH NOBePXHOCTHOAKTHBHbIX BelllecCTB OOpa30Ba- 
IMA BaIMKa He HaOsIOMaeTCA M CKOPOCTh pa3pyWIeHHA yBe/MUMBaeTCA B He- 
KOJIbKO pa3. 

 Moxxo Opli0 Obl BLICKa3aTb pelnoowKeHHe, YTO JelHCTBHe MOBepXHOCTHO- 
AKTHBHBIX AOOABOK CBA3aHO TakxKe C YMeHbIIeHHeM OObeMa KaBMTAI|MOHHbIX 
HOIOCTeH, OTPHILaATeIbHO BJIMAIOULHX, Kak 
igBecTHO (°), Ha CKOpOCTb yJIbTpasByKOBOH = #2, 
OpaooTKH. JLia npoBepkH 3TOrO Mpeknouo- 
KCHHA Ob MpOBeeHbI OMbITHI 10 OOpadoT- 200 
ce MEH B CyCIleH3HAX aOpa3sHBHOrO MopoUl- 


<a — KapOuga Oopa Ha 4ucTOI Bose H Ha 1% 4 
i) 

uc. 2. BHaHHe BHELIHero THApoctaTHyecKoro JaBule- ye 

IMA Ha CKOPOCTb yJIbTpa3sByKOBOH OOpaboTKH MeyH. 100 $ 

'——CKOpOcTh oO6pa6oTKH B CyCMeH3HH, CcocTaBJeH- 2 


iOH Ha 4YHCTOH Bose (Yo), 2—TO %*e B CyCMeHsHH, 
onep Kalen 1% oneaTa HaTpHa (v), 3 —orTHOUIe- 
a HHE U/Up 


faust fit dom 


> 
‘ 


JaCTBOpe OeaTa HATPHA B Boe MPH MNMOBbILIeEHHOM PHpocTaTHyecKoM JaBule- 
IMM 110 MeTOy, MOMpoOHO omucaHHomy B (°). Tlowy4eHHpie pesybTaTH Mmped- 
TAaBeHbI Ha pHc. 2. IIpH yBemMueHHH ruspocraTuuecKorO MaBseHHA CKO- 
)OCTh OOpaOoTKH B OOOHX CuTy4aHx pacTeT mMHeliHO. [locTOHHCTBO OTHOILIeHHA 
THX CKOPOCTel CBHJeTeIbCTBYeT O TOM, 4TO MpHcayKH He OKA3bIBaIOT Ipak- 
WUeCKH BJIMAHHA Ha OObEM KABUTALLHOHHDIX MOJOCTel, BOSHHKAIOWMX MO ‘HH- 
‘TPYMeHTOM. . 

B 3akmiogeHve BaxKHO MOMYePKHYTb, YTO MpHMeHeHHeM  a9ppPeKTHBHBIX 
(OBePXHOCTHOAKTHBHBIX TIpHcaqoK MH MOBbIMIeHHOrO FHApocTaTuyeckoro jaB- 
(CHHA MOXKHO YBEIMYHTh CKOPOCT yJbTpa3sByKOBOM OOpa6oTKM MWaCTH4HBIX 
IeTaJIOB B MECATKH pas, YTO HMeeT HECOMHEHHbIM MpakTHyeckuH MHTepec. 


OpJIOBCKHH + rocyzapcTBeHHbiit Tlocrynuat0 
F neqarorHyecKHH HHCTHTYT 12 IX 1960 
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(he ov 


Tloxnxnaynm Akaxemun nayk CCCP 
1961. Tom 137, Ne 3 


B.. M. (PHTOPEBCKHH 


O BbICTPbIX H3MEHEHHSAX NEPHOJA BPAIIEHHA 
OTHOCHTEJIbBHO NOMEPEYHOM OCH BTOPOrO 
COBETCKOrFO HCKYCCTBEHHOrO CHYTHHKA 3EMJIM 


(ITpedcmasaeno axademuxom JI. H. Cedoeuim 23 1X 1960) 


CopeTcKHMH CTaHLMAMH HaGmo_eHHii HCKyCCTBeHHBIX CIyTHHKOB 3emulf 
NowyueH OGUIMPHbI pA PoTOMeTpHYeCKHX HaOJIOLeHHH BTOPoTO UCKyccTBeH 
Horo cnyTHuKa. AcrpoHomuyeckum copetoM AH CCCP 9TH Ha6oqeHua Obl 
nepeqaHbl Aid o6pa6oTKu B OjeccKylo acTpoHomuyeckyt oOcepBaTOpHi, | 


Ta6Oauna 1 | 


No | JD 2436 Aa 88 | a Fe | 6 | n | W | 

1 278.586 Ill. 16.086 Pens +4455 2 165 2455 
2 281.580 19.080 42.8 Ano 5; 204 19.8 
3 282.435 19.935 Sy Aey aes de 472 28.8 
4 283.208 20.708 Beet 24 7 178 G53 
ns 284.136 21.636 40.4 Sey 8 170 16.6 
6 Ze saad. 2eetal 20.9 5.9 3) 186 one 
7 286.075 28,018 40.9 1.9 8 148 AT we 
8 287 .230 24.730 hate} De 2 Nee 23.8 
9 288.240 25.740 LN Be 220 2 242 Doel 
10 289.247 26.747 50.4 8.8 a 212 26.5 
GE 291.258 28.758 63.3 15.8 3 Pos 39.2 
12, 296.291 IV... 23791 55.0 NPA: 2 320 SU zo 
13 297 .252 Bate oee0 8.0 2 283 27.4 
14 301.265 7.765 70.0 — 4 310 45.4 
15 302.255 8.755 We. 49.0 oun 310 45.2 
16 303.284 9.784 59.0 — 4 289 so.0 
AT 304.225 40.725 FAQS Gis 2 Ses) 45.3 
18 305.256 11.756 70.7 Oi 3 200 45.5 
19 306.219) | 125719 49.0 = 1 251 Zowl 
20 307.267 43.767 38.0 — 4 160 42.6 


B ta6a. | npwBo_atcaA JaHHbe o nMepHofse Bpaujenua MC3-2 ornocuTebHy, 
nonepeywHo ocH 3a MapT—anpeb 1958 r., Noy4eHHbIe ABTOPOM NO STHM Hah, 
JuOAeHHAM. Suagenus */4P onpefeeHbl KaK PasHOCTH MO BpeMeHH Mex coceyy 
HUM 9KCTpeMyMaMH KpHBbIX OulecKa (mo_poOHee cm. (1*)) 4 COOTBeTCTBYIOT CHI, 
HomMyeckomy mepHony (5) BpallleHHA CIYTHHKAa OTHOCHTebHO MonepeyHol, 


cpeqHero. 
572 


_ ConocTaBjieHHe BToporo H TpeTbero CTOMOWOB TAOJIMIbI NOKa3bIBaeT, UTO 
4a 1laBHoe yBeMueHHe C TeYeHHEM BpeMeHH NepHofa BpallenuA MC3-2 oTHocn- 
reIbHO MonepesyHow OCH HaKJaJbIBalOTCA CpaBHHTeJbHO ObICTpble KoseOaHHA, 
fexallue BHe mpefxeoB omiHOoK HaGmofenHi. IIpuannHa sTHx KOseOaHHi He- 
ACHa. 

_ JI. YU. Cexos yKasan (*) Ha BO3MOXKHOCTh TOPMOXKeEHHA BPalleHHA CIYTHHKAa 
KOJIO WeHTpa Macc Mp B3aMMOselicTBUM C MaPHUTHbIM ToleM GemsH. Teoperu- 
gecKHe pacuetni IO. B. Sonora (?) non- 


PBepHJIM, 4TO BOSHHKHOBeHHE BUXpe- ah 

3bIX TOKOB B METAIIMYeECKOH OOO10KKe  , 60 ° \/ \ 
s3palllaioukerocA CNYTHHKA MpPHBOLUT K [8 YF. A ve 
3AMETHOMY BEKOBOMY YMEHbIMeHHIO ero 40} 

VTOBOH CKOpOcTH coOcTBeHHOrO Bpa- 

mneHua. [ostomy ecTecTBeHHO Opivi0 Mo- 

IBITATLCA HaliTH MpH4HHy OBICTPbIX H3-, ~spy Lp 

WeHeHH Mepvofa BpauleHuA CiyTHMKa 

3 H3Me€HEHHAX MArHHTHOrO Nowa Semin 


T7Tass 22m 27 
(IM COCTOAHHA 3eMHOH aTMOCcepbl Tog yr 


MAHHeM KaKHX-J1M00 BHeWIHAX (ak- Puc. 1. W3menenve uncen Bosncba u nepHo- 
tTOpOB. C 3Tow WebiO MbI COMOCTAaBHJIM =~ BpaileHHA BTOpOroO CoBeTCKOrTO cnyTHHKa 
ton 1/, P c w3MeHeHveM HeKOTOpbIXx c TevenHem Spemenn. Kpecraxom otmevexo 
{apaKTePHCTHK COMHeYHOM AKTHBHOCTH. nae Lei es be i A 

Oka3ajlocb, 4TO ocoOeHHOCTH KpH- (1) 

BbIX H3MeCHCHHA COJIHeUHOM AKTHBHOCTH 

: HEKOTOPBIM O103,aHHeM MOBTOPAIOTCA Ha KPHBOl H3MeHeHHA MepHuoja co6b- 
‘TBEHHOFO BpalileHua cilyTHuKa (puc. 1). HanGonee uerKo koppemauua mposs- 
IneTCH MeXKLy Mepvojom HX uHCciamMH Boupda. Sanasqpipanve H3MeHeHH Nepuvoga 
SOCTaBIAeT B 3TOM Cly4ae 2,55 WHA. 

Uncaa W B ta6n. | cHaTbl c KpuBOH dMca Boubda — ara (?), caBuMHYTOI 
smpaso Ha 2,55 qua. Sasucumoctp */,P — W npescraBjeHa Ha puc. 2 W BbIpa- 
2%KaeTcA MOMYYeHHOH CNOCO6OM HAaMMEHBINIMX KBal- 
paToB dopmy.1oH: 


1/, P = + 20°03 + 0714246 WV. 


Vuxrepecuo, YTO OTKJIOHEHHA HaOJIOJeHHbIX 3Haye- 
Hui 7/4P OT BbIYHCJICHHBIX 110 9TOM cbopMyuie HMe- 
1OT TOT Ke NOPALOK, 4TO HW COOTBETCTBYIONIe O, 
H B HOJOBMHeE CJl1y¥aeB OHH MeHbIIe o. Cootsert- 
CTBEHHO 3TOMY KOPPeJIAIHA MeKLY BeMUMHO!I 
nepHoqa M YHciaMi Bonbha oKasaiacb 3Ha4H- 
700 200 300 400 TesIbHOH: r = -+-0,76. 

w— J[naA MpoBepKH CylecTBeHHOCTH oJlyyeHHoIt 
Duc, 2. 3apucumoct 1/4P’—-W.  KOPPeAWHH Mbl BOCTIOJIb30BaIMCb IIpHBeAeHHON 

Kpectukom otmeueno 3na- _—s«&BE(®) ~TaOMHUeH, aroulei BePpOATHOCTb NOABJeHHA 

B eure 4/4P = 44°2 TaKOH KoppesAWuH B CyYalHOH BbIOopKe 43 

HEKOPpeJIHPOBaHHOH coBoKynHocTH. TlocKompKy 
Ta BEPOATHOCTL OKa3dacb BecbMa Maio (P<O,01), HalifeHHad HAMM Kop- 
CALA OMpeeseHHO CylecTBeHHa. 

OnyOukosauupie B. II. Llecesuuem (4) 3HayeHHA NepHofa BpalileHHA cnyT- 
taka 1958 61 TakxKe KoppesupyioTca c yncuamu Bosca, oHaKO UX HeMHOro- 
(MCJICHHOCTh He MO3BOJISeT Ha@KHO YCTaHOBHTb CTeMeHb KOppeJAuH., 

TakHM 06pa30M, BapHallHH COJIH€YHOM AKTMBHOCTH, CKa3bIBaACb Ha COcTOS- 
(HM MA@PHATHOrO MoOJIA SeMJIH, a TakxKe 3eMHOM aTMocdeppr (°-§), aBssatotca, 

BHHMOMY, IipH4HHOH CpaBHHTeJIbHO ObICTPbIX H3MeHeHHM Mepvosa Bpauie- 
‘MA CNYTHHKOB OTHOCHTeJIbHO TlolmepedHoH ocH, 

OyHakO BO3HHKaeT BOMpoc: Movemy BapHalWH MarHHTHOrO Noa Semin u 
OCTOAHUA 3eMHOM aTMochepEl Mol BIMAHHeEM H3MeHeEHUS COMHEYHOM aKTHBHO- 


| 573 


CTH CKAa3bIBalOTCH HeMocpeACTBeHHO Ha NepHose BpauleHHA CNyTHHKa? OueBuy 
HO, UTO 3TH BaPMallHH JOJMKHb! BbISKIBATh JIMIMb KOMeOaHHA yFJIOBOrO yCKopeHu 
BpallleHHA CIYTHHKA, He HapyllaA MOHOTOHHOPO XapakTepa H3MeHeHNA NepHosa 
NepHok SyAeT 1MaBHO BO3PaCcTaTb H MPH MOCTOAHHBIX 4YnCax Bomba, a ero yc 
KOPeHHe, ABJIAACb KBA3HIOCTOAHHEIM IIpH NocTosHHOM W, OJuKHO H3MeHATHC 
c u3MeHeHHem W. 

JA BEIACHeHHA 3TOTO BOMpoca MO AaHHbIM Tabs. 1 cnocob6oM HaHMeHbIIH 
KBaspaToB Oblia NoyyeHa (bopmyia 


1/,P = — 138515 + 0865150 (JD — 2436000.0) (1 


Ecau Obl nmuiaBHoe yBeJiHueHHe NepHoa, AaBaemoe 3TOH opMyvIow, Opis 
IL€JIMKOM OOYCJIOBJIEHO «OObIYHbIM» TOPMOXKEHHEM B 3eEMHOM aTMocdepe, TO Noys 
YeHHAA BbIIMe KOPpeJIANMA LOJDKHA Oblia Obl OTHOCHTbCA He K NepHoysly Bpaitle 
HMA CHYTHHKA, a K pa3HOCTAM MexKy HaOJIOJeHHbIMH 3HaYeHHAMH MepHosa 
BBIYHCJICHHBIMH Tlo copMyvie (1). OfHako 3TH pasHOCTH HHKaKOH kKoppe 
JIAILMM Cc YnCamMH Bospca He Noka3aH. Bmecte c TeM KOppeJIAWHA MexKLYy pas 
HOCTAMH HaGJIIOJeHHIX H BbIYHCJICHHLIX 10 cpopmyvie (1) 3Hay¥eHHH NepHoga 
PasHOCTAMH HaGJIOJeHHbIX H BbIYHCJICHHbIX OTHOCHTEJIbHO (OpMYVJIbI 


W = — 1015°75 + 4°250305 (JD — 2436000.0), (2) 


NOJIyYeHHOH aHaslorHyHO qdbopmyvie (1), OKa3amacb Tak#Ke 3HAYHTeJIbHOH: 
r =-10.63. 

OTH Pe3yJIbTAaTbl MO3BOJIAIOT 3aKJIIOUHTb, YTO H TWaBHOe yBeJIHYeHHe nme 
pHojla Ha paccMaTpHBaeMoM OTpe3Ke BPeMeHH CyiecTBoBaHHA MC3-2 B 3Ha- 
YHMTeJIbHOH Mepe OO6yC/IOBJIeHO OOUIHM YBeJIHYeHHeM COJIHeYHOH aKTHB 
HOCTH. 

Yjlalocb OMeHHTb JOJO, KOTOPy!O BHOCAT B OOnIee TOPMO*KeHHe BPallleHuA 
CNYTHHKa ScdPeKTH, CBASAHHbIe C BaPHallHAMH COJIHeYHOH akTHBHOocTH. JLaA 
39Toro TO faHHbIM Ta67. | nomyyena dopmyuia: 


! 


P = — 8°84 + 0°33064 (JD — 2436000.0) + 0553535 W, (3) 


YYMTHIBAIOULaA Kak MaBHOe yBeJIH4eHHe MepHofla, Tak H H3MeHeHHE eFo C H3Me- 
HeHvem W, 

Jlisd CpaBHUTeJIbHOH OWeHKH BJIMAHHA COJIHEYHOH AKTHBHOCTH HM «OObIUHOrOD 
TOPMOXeHHA CulelyeT B ITOH CbopMyvie NepelitH ot W kK CyTOUHOMY H3MeHeHHIO 
uncel Boubda Wyp, KoTopoe, KaK NoKa3piBaeT dopmy.ia (2), BCpeHEM 
Ha paCCMaTpHBaeMOM OTpe3Ke BpeMeHH paBHO W : 4.25, CooTBeTCTBeHHO 3TOMY 


Kos@bunveHT mpH Wyp craHer paBupim 2°27540. 

Takum o6pasom, B cpeqHem 87,3% H3MeHeEHHA NepHosa BpalleHHA CHYTHHKa 
1957 8 B Mapte — anpee 1958 r. cBA3aHO C H3MeHEHHEM COJIHeEUHOM AaKTHB- 
HOCTH. 

Tenepb ACHO, MO“eMy KOPpeAUMA NpoABAAeTCA B Cayuae P — W, a Hel 
AP — W: cornacHo dopmyue (3) c 16 III go 13 IV 1958 r. naaBHoe “3mMeHe- 


HHe TepHoa cocTaBuso Hib 2°37. CreqopaTebHo, B mpelemax olIM6oK, 
C KOTOPbIMH OMnpeseiseTCA NepHok BpallleHHA CNYTHHKA M43 CoTOMeTPH4ecKHX 
JaHHbIX (CM. Ta6I. 1), MOKHO CUYHTATb, YTO BC € M3MeHEHHE Mepvowa CcBA3aHO 
C BapHalMAMH COJIHeEYHOM AKTMBHOCTH. 

Paccyxaa Ooulee CTporo, MbI MOXKeM YTBEP%XKAaTb, YTO ECAH BTOPos cvlarae- 
Moe B (opMy.ie (3) IpaBHJIbHO BbIeAeT TY YACTh H3MCHEHHA NepHosa BpallleHHa 
CIYTHUKAa, KOTOPasd He CBA3aHa C BAPHaMMAMH COAHEYHOH AKTHBHOCTH, TO pas- 


HocTtb P — 0°33064 (JD — 2436000.0) = P’ ¢ TouHocTbIO Jo auTHBHO® 
MOCTOAHHOH Maer yckopewHe Bpatlenua, oGycaoBNeHHoOe TO AKO Bap, 
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; 
. 
HAMH COJHEYHOH AKTHBHOCTH. B TaKoM culydae MOXHO OMKUMaTb, YTO KOppe- 
auua 41/,P’ — W Oyfer nouru TaKol Ke, kak 4 B cayyae 1/,P — W. Buranc- 
€HHA NOATBepAHIH STOT daKT: r’ = -40.74. 

TakHM oOpa30M, B MocueqHHH MecsAIL CymlecTBoBaHHuAa MC3-2 TopmoxkeHHe 
rO BpallleHHA OOyCJIOBJIEHO B OCHOBHOM pe3KO BO3pOcuieH COJIHeEYUHOM AKTHB- 
OCTbIO. 


ActpoHomuuecKkand OOcepBaTopHs TloctynH10 
Ojecckoro rocyfapcTBeHHOTO yHHBepcHTeta 4 VI 1960 
um. H. H. MesunKopa 
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Jloxaagnm Akaywemun mayk CCCP 
1961, Tom 137, Ne 3 


B. M. KOHTOPOBHY 


O MATHHTOPHAPOAMHAMHYECKHX S®OEKTAX B OKEAHE 
(II pedcmaeaeno axademuxom H. B. OOpeumossim 22 X 1960) 


a 
SeMHbI€e MOPA H OKeaHbl pekcTaBiaioT coOol MpoBosaulyio cpely 
(o ~ 10!°cek-!), B KOTOPOH BOSMOXKHbI CheunpuyeckHe MarHUTOrHApo,MHamnyec4 
KHe 3deKTbI B MarHUTHOM Nove Seman. I1pH orHocHTeJIbHO MaJIOH MpoOBOAHMOCTH 


“s 4 
MOpCKOH BObI ( Ren = a l<< 1) B 3eMHOM Nose B~0,5 apcr. aTH adbpekTs 


BeCbMa CJ1aObl HM MPOABAAIOTCA JIHIMb B LOCTATOUHO KPYMHOMACHITAOHbIX ABHKeF 
HHAX; BOSMOMKHOCTS NoceqHHX B MOPe H NO3BO/AeT PaCCMATPHBAaTb eo Kak 
MarHuTorHApomuHamuyeckyio cpely. Banaue nocroxHHoro nowa B Ha rugpod 
JIMHaMHYeCKHe ABYWOKEHHA, KaK MpaBHsio, MpeHeOpexKHMO MaJIO, eCJIH 9TH BHF 
YKeHHA CyulecTByIOT H mpH B = 0. MaruurornzpoyquHamuyeckue aippekTbl po | 
ABJIAIOTCA B BO3HHKHOBeCHHM TOKOB H 3JIEKTPOMArHHTHOrO MOA, COMYTCTBYIO 
WLUX PHA pORHHaMHyecKHM TOVIAM. Tak, paciipoctpaveHve HHppa3sBykKa B OKeaHe 
compoBoxwaerca pacnpoctTpaHeHHeM TakxKe HM CBA3AHHOPO C HUM HesaTyxaloulerq, 
3JIEKTPOMAPHUTHOrO MOJIA, MOPCKHe TeYeHHA MPHBOAAT K Me€CTHbIM H3MeHe+ 
HHAM MarHHTHOTO MOA SeMJIH, CDaBHHMBIM C AMINIHTyZOH ero CYTOUHBIXy 
BapHallHi, MH T. 1. ”*. 

1. Jaa fpeficdopbix BeTpoBbix TeyeHui (*) JerkO NomyaHTb TOUHOe pele 
HHe ypaBHeHHH MarHHTHOH rHAposuHamMHKu. PaccmaTpMBaeTcH ABHXKeHHE BHA3 
KOH MpoOBOAALeH HeCKHMaeMOH 2KAAKOCTH B MOMyNpoctpauctsBe z > 0, cranHo4 
HapHoe W opHopoqHoe§ (0/0t=d0/dx=d/dy=0) nox Bo3sfetcTBHeM 
TAHTeHIMaNbHOH CHbI TpeHun T (pH z=Q) Berpa, jylomlero BAONb OCH Y 


u cuabt Kopnonuca. H3 ypaBpHenuit divv=0, divB=0, j=; rotBe 


Vz|2—9 = 0 cnenyet B,= const, v:=0, j,=0. Ucnonn3yax rpanHuuHoe ycno4 
BHe v= 0, dB/dz=0 npu z= oo, NoNyyaeM ypaBHeHHA MarHuTHOK ruypo+ 
MHaMHKH (c yueTOM cHuJbl Kopnoanca) fA KOMMMeKCHHIX CKOpOCT 
w= 0, + iv,, MarHuTHoro noid B= B,+ iB, wu naAoTHocTH ToKa j = jx + iff 


d®w | dz? — (b? + i 2a?) w = 0; (1 
1 iy ANS i 
eS a Be (2 
j=—i— B,w, (3 


re a?=Q\sing|/v; 6? = Bis/yc?; 1 =(aV 2)? — xapaxrepupiit (seprH4 
KaJIbHbIM) MacluTaO TeyeHHA B OTCYTCTBHe MarHuTHOrO noms; 6 | — xapaktTep-} 
HbIM MacilTa6, CBASAHHbIM C JelCTBHeM 3JIeKTPOAMHAMMYeCKUX WH BASKHX CHI;} 
M=b(a V2 = BAVo/ync—aucno Taptmana; Q— yrnopan cxKopoctsl 
CyTOUHOrO BpalleHusd Semau; p—reorpaduyeckand wupoTa; n— WHHamuye-} 
CKand TypOyjleHTHad BA3KOCTb; v= 1/p. Bepxuuf 3Hak oTHocuTcH kK CeBep-} 
HOMY, HW2KHHH —K IOxHoMy nomyuiapnio. Uncno Taptmana, xapakTepr3yi0-— 


_ * CymlecTBopanHe HHAYUMpOBaHHBIX 9eKTPHYeCKHX TOKOB B MOpe MpesCKasbIBal Dapa-} 
net (1), cM. Take (7). Usmepenve sTHX TOKOB HM HX BIMAHHE Ha MarHHTHOe Nowe 3emaH CM. B 
padotax (?,3) H WHTHpyeMbIxX B HHX. 


576 


| 


lee BJIMAHHE MarHHTHOFO TOI Ha JBHXKEHHE, HMeeT OCOGeHHO MpoctToi u- 
BHYeCKHH CMBIC B Cly4ae raza (eCH NOX o UM  NOHHMaIOTCA MOMeKyssAp- 


Hble BenMuuHbI). Tlonp3sysicb dopMyaMH KHHeETHYeCKOH TeopHH ~nmv"r, 
6~ne*t/m, rae t—BpemaA cBoOofHoro npobera, nomyyaem M~I/r, rae 
t = mcu {eH — payuye 3akpy4unBaHHs B MarHHTHOM Nose H. 

Y snextpnyeckoro non E = j/o—{[v, B]/c orawuna oT nya TOMbKO 
BepTHKabHant KOMMOHeHTA 

Bo im (we) /¢; (4) 

Tak Kak 6 =F,+ iE, =j/6+iB.w/c=0 cormacuo (3). 
. Us (1)—(8) suguo, sro B u j BbhipaxatoTesd Yepe3s CKOpOCTb w, yOBWe- 
TBOPAIOWLYIO ypaBHeHnuto (1), KoTOpoe Ip TpaHWUHbIX yCOBHAX | 

, Wa eet) LN. tg =O (5) 
MMeeT peilenne 


] 


w= iUexp{—e'zti(a+e’z)}, (6) 
rye 


= 


el Hele 2o'= areca Me ae (7) 
s’ = ig” at | & eta ats V b? ot i2a?, e! be 0 gs” “3s i. 


M 

3a uckmouennem HenocpeyCTBeHHOH OH30CTH K 9KBaTOpy (T. e. TIpH 
eX h= 6B2 /2Qc?p ~ 10° pana o = 4-10? np BZ=0,1 9pcT. Ha 9KBaTope) 
M<1, HM BAHAHMe MarHHTHOTO NOJIA Ha CKOpOCcTb TpeneOpexHMO Maio. 
Ilpu 3Tom (6) nepexoynT B pemieHue Oxmana (*): 


w = iU,exp{—azti(n/4+az)}, Up=T/naV2. (8) 


Bextop ckopocTH Ha MoBepXHOCTH, PaBHbili 10 aOcoMOTHOM BemHUHHE Uo, mo- 
BepHyT Ha 45° BnpasBo (Beso B [OxKHOM MovlyuiapH) 10 OTHOMIeHHIO K BeTpy Hi 
¢ Morpy:KeHHem Bpaitlaetca BipaBo (BJIeBo B [OxKHOM MOJlyWapHH), 3KCHOHeH- 
WHasIbHO YMeHbIUIadch no BeH4HHe. BaHAHHe MarHHTHOrO MOA Ha TeyeHHe 
(OpMaJIbHO BOSMOXKHO Ha SKBATOPE B JOCTATOUHO F1yOOKOM Mope B Tex OGv1acTAX, 
rye B, + 0. Coraacuo (7) 2—0 npu g—-0, Bz - 0, T. e. NpH HanMunH BepTH- 
KaJIbHOH KOMMOHEHTHI MAFHHTHOFO MOJIA Ha 3KBATOPe CKOPOCTb TeYeHHA Ha M0- 
BePXHOCTH HalpaBieHa mo BeTpy JaxKe B rvryOokoM Mope *. Kak u3BecrTHO, 
B OOISHOM FHposMHaMUKe K STOMY %Ke KavecTBeHHOMY Pe3yJbTATY MpPHBOAUT 
yuer KOHeaHOM TvIyOHHEI Mops. 
3Had CKOpOCTb W, HAXOAHM MArHHTHOE Movie H3 ypaBHeHHA (2): 


4 ’ é * 41S TB, 
B= B.. = iH exp {— e'z+i(2« 4+ &’2)}, = aaa le (9) 
Tle @o.o— UpelesibHoe 3HaveHHe NOVA Mp Z—> oO, KOTOPOe Mbl OTO*KAeCTB/IACM 
‘€ HEBOSMYIICHHBIM 3HaveHHeM TOPH3O0HTaIbHOM CocTaBJIAIOMleH MarHATHOro 
noma Semin. 
Jaa MarHuTHoro moiA, BOs6ywKaemMoro TeyYeHHeM OKMaHa (8), Nomyyaem 


3 B ++ Boo = iH) exp {— az + i(n/2 + az)}, (10) 
rye J 
| Hy = 2 ugB.. (11) 


f c 
‘Dro pelleHue mpescraBiner coOoli nepBbili Wie pa3JlovKeHHA TOUHOFO pelleHHA 
(9) no mManomy uncay Taprmana. 

Takum o6pa3om, B BeTPOBbIX TeYCHHAX BOSHUKAeT JONOMHUTEIbHOe M10 OT- 
HOWIeHHIO K MOCTOAHHOMY MarHUTHOMY TOJI0 SeMJIM TOPH30HTaJIbHoe MarHHT- 


* QueBHyHO, OMHaKO, UTO C YMeHbIMeHHeM ropH3OHTaIbHOH cocTaBJIAtoMleH CHIbI KopHounca 
‘HaYHHaloT HrpaTb pOdb pyre HeI\IeKTPOMArHHTHbIe CHIBI, a TAKKE HEOMHOPOAHOCTh B TopH- 
HTaIbHOM IMVIOCKOCTH, H JlaHHoe pacCMOTpeHHe HelpHrosHO. 
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Hoe movie (10). Bexrop noia Ha MoBepxHOCcTH Mops NoBepHyT Ha 90° BripaBo 
(B IOxKHOM MoJTyWIapHu BuleBO) OT HampaBseHHA BeTpa (uM Ha 45° oT HampaBuie- 
HUA CKopocTH) mpH B, >0.C norpy2xkeHvemM JONOJIHHTebHOe MarHUTHOe Move 
BpalllaeTcHh BMeCTe CO CKOPOCTbIO, 9KCNOHEHUHAJIbHO YMeHbINaAch NO BeM4MHE 
Cc TeM 2Ke MepHOJOM HW NOCTOAHHOH 3aTyxaHHA. B 3aBHCHMOCTH OT CHJIbI BeTpa 
Ho umeet nopsyoK 0,1—10 y, 4To npescTaBseT coOoH BeEIMYHHY, CpaBHHMy!10 
¢ aMIMVIMTYLOW CyTOUHBIX BapHalHH MarHHTHOrO Noda SemMuH (TaK, yKe pH CKO- 
poctu Betpa 6 m/cek (Uo ~ 20 cm/cek) B cpeqHHx wHpotax Ho ~ 0,1 y). 
ANG 

Ouenka #f ~—,- vIB, noqobuas (11), umeer ecto Bo Bcex 3aja4uax, re cy- 
IILeCTBEHHO H3MeHeHHe V H H TObKO B OJHOM H3 HallpaBJeHHi, a v H I — Xa- 
paKTepHble€ CKOPOCTb H MacuITa6 JBHKeHHA, H IpHMeHHMAa, KOHeYHO, He TOJIbKO 
K Apelidosnim TeyeHuaM. JLia ObICTpbIX KPYMHOMACLUITAOHbIX TeYeHHH OMOIHH- 
TeJIbHOe MarHHTHOe Moe MOxKeT MOCTHTaTb COTeH Tama. 

Bpipakenve Jf MOTHOCTH TOKa Mosyyaem noscTraHoBKon (9) B (3). ToK 
OpTOrOHaJieH CKOPOCTH H Ha MOBEpXHOCTH cocTaBAeT yro 1/2 — a c HanpaB- 
JeHHeM BeTpa. Jia TeyveHHaA OIKMaHa (8) 


f= Jpexpf—-azst itm [4 deta\. Jee oBlie he (12) 


IIppo Uy~20 cm/cek Jy~ 108 a/cm?. 

BBogwa yrol Y MexLy HallpaBseHHeM BeTpa H HalipaBJieHHeM TOPH30H- 
TaJIbHOH COCTaBJAIOMeH MarHHTHOTO Nowa Semsn, 3anHWeMmM # B BUe 
| Boo |e**. Ucnonp3ya MadiocTb MarauHTHOrO 4ncsa Pelinonpyca u uncaa Tapr- 
MaHa, NWOMYYHM JIA QeKTpHYecKOrO Nos, corsacHo (4), 


Ez, = Uo| Bole? Reexp {—azti(x/44 7 - az)}. (13) 


IIpu ckopoctu Uy~ 20 cm/cek E,~ 10° B/™M. 

2. MarnuroruspoxunamuueckHe atpdekTbl MPOABMAIOTCA TakxKe B KPYyIHO- 
MaCUITaOHbIX HH3KOUACTOTHBIX KOeOaHHAX. TIlyctb o/eSoS>a,= 
=4nou?/c? (¢6/e~ 108 ru, o,~10 ry gaa mops). Kone6aHusa, coor- 
BeTCTBYIONIHe BOJIHaM AJsIbcpBeHa H M@JWICHHOMY 3BYKY IIpH 6G == oo (9eKTPO- 
MarHUTHble BOJIHbI B Bose NmpH B= 0), 3aTyxaloT Ha OObINHOM CKHHOBOH Ply- 
OuHe (°). SaKoH pUCHepcHH y 3THX BeTBeli k?/ w? = i-4ko/c?m. Monzudunnpo- 
BaHHOMY 3BYKYy (ObICTpOlH MarHHTO3BYKOBOH BOJIHe NIpH 6 = oo) COCTBeETCTBYeT 
3aKOH JMCnepcHH 


Re { (1 <7 uw sin? § fe (kB) 
Ss 


3 
oon , @=4no-—~, cos¥=——-, (14) 


Tie S—cCKOpocTb 3ByKa B MOpe H u—cKOpocTb AnbpdBeHa u = B/V 4xp 
(s = 1,5-10°, u*?/s*~10*); k—bsBonHoBoH BeKTOp mocKOH BOJIHBI; 
@;— ¥YaCTOTa, IIPH KOTOPOH CTaHOBATCA PaBHbIMH JIMHA BOJIHbI 3ByKa HW AWHHAa 
3JIEKTPOMarHHTHOH BOJIHbI B MOpcKOH Boye. IIpu 6 = 4-10 o,/2n= 2 ru. 
TakHM o6pa30M, HavOoulee HHTepeCHOH OKa3blBaeTCA OOMACTb YaCTOT WO ~ Ws, 
Tak KaK TIpH Oovlee BbICOKHX YacTOTaX YMeHbIUAaIOTCA YTHAPOMarHuTHble 3Pp- 
tpekTbI (B (°) oTcyTCTByeT STOT HHTepecylOWlHH Hac TpesesbHylH cuyuali). 


CBA3b M@KAY aMIMJIMTy1aMH owed B UHppasByKOBOH BOHeE (x =k/k, 
hi 3B 78); 


= 82 sin 0¢ , 
psc i+ io/o," ’ 


2B Sinn 
~ ps4 + io/o, 2 


E = 


ty ea Cen te sin 0£ , 
I=! Bs 8 T+ io/o,?? (15) 


v=(x/ps)p’, nsin@=[[x, h], x], €sin® =[x, hj. 


cr 
~) 
i°,<) 


+ ns 
w 


IIpH @~o,; B cucTeme equHnn Taycca E~10'p’, H~ 10° p’, 


— 
p —aMIJIHTya LaBeHHA B 3BYKOBOH BouHe. x, n H C OOpa3sy!oT OpTOHOp- 
MMPOBaHHbIH Oa3nc, CBASAHHbIM C BOJHOM. 
B «Bonne AnbdpeHa» uMeem 


: ; Bcos 06 : ; 


ini >. a; pea 
H= aa E=+j, Wes eac 1? p= 0, T= Ine 418) 


B «MeAJIGHHOH MarHHTO3BYKOBOH BOJIHe» 
imi i Baye ont + 
Of Yar ° . Sin px i : 
= =e = = - ; i] 
H (i nj, -§E Br ty tet ae Fr Fa ik ee ee 


5 b sin § ; She Be 
o =BY < + io/, ad ae 


) M3 (15) caenyet Qua KosppuuHeHTa 3aTyXaHHA HHPpasByKa H3-3a Mpo- 
BOAHMOCTH B MarHHTHOM [oJie (AHH30TPpONHOe HHAYKUMOHHOe Morsousennue (°)): 


(17) 


) 


I sin? 9 
A Soe ina 2 (oT aoe © (18) 


IIpH ®<@; 3TO 3aTyXaHHe TOTO Ke NOpHAAKa, ITO HU 3aTYXaHHe H3-3a MOJe- 
KYJAPHOH BASKOCTH. 

CBoeoOpa3Hble ABJCHHA JOJXKHbI BOSHHKATb Ha NOBepXHocTH mops. IIpu 
WayeHHH HHpasByka Ha MOBepXHOCTb pasfeyia (KaK H3 BOSyXa, TaK H H3 
MOpsA) BOSHHKaeT He TOJbKO OTPaKeHHbI H NpeJIOMJICHHbIM 3ByK, HO TakKe 
3aTYXaIOMHe ZeCKTPOMArHHTHble BOJHbI B BOMe H QJICKTPOMarHHTHaA BOJIHa 
Hall MOpeM (CYMMa JBYX BOJH C pa3IHUHOH NomApHsauHel). Bce 9TH BOJIHBI 
BO3HHKHYT HW IPH lafeHHu Ha NOBEPXHOCTh pa3sjesla 3ICKTPOMArHHTHOH BOJIHbI 
(6 «pacxofsmuxca» BowH). M3 «3aKoHa CHesnuyca» cneqyeT, TO pH yrax 
faleHHA 3BYKOBOH BOJHbI H3 MOpsA g" >s/c~10° (u3 Bosfyxa npA 
p >s/c~10-*) snekTpoMarHuTHbIe BOJHbI, BO3HHKAIOWIHe Hal MOpeM, AB- 
IAIOTCA MOBECPpXHOCTHBIMH C rayOHHOH s3atTyxannua (Imk,)*=A/2nsing", 


re A —jyIMHa 3BYKOBOH BOHbI B MOPCKOH Boe, S—CKOPOCTb 3ByKa B BO3- 
Myxe. ONeKTPOMarHuTHaA BOJHA pacMpocTpaHsAeIcH BOJb NOBepXHOCTH co 
CKOPOCTbIO, PaBHOM TOPH3OHTAJbHOH CocTaBJAWOMeH CKOPOCTH 3ByKa. 

IIpa nafeHuu sByKa C aMIJIMTYJOH p, aMianTyybI None B aeKTpoMar- 


HUTHOH BomHe E~ 10% p', H~101p’. 


VuerutytT pagHodusHkH H 9/IeKTpOHHKH Tocrynnao 
AkayemHH Hayk YCCP 21 X 1960 
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TEO@H3HKA 
B. A. WYJIAK 


ONPEMEJIEHHE MAPAMETPOB BOJIHOBOrO MOTOKA 
NO MAPAMETPAM OBPA3OBAHHbIX HM MEPHOAMYECKHX 
JIOHHbIX CTPYKTYP 


(ITpedcmaeaeno akademukom JI. H. Iep6axosem 4 X 1960) 


B merporpauu ocafounblx Mopo, BaxKHOe 3HaYeHHE HMeIOT MeTOMbI BOCCTA- | 
HOBJICHHA YCJIOBHA OCalKoOOOpa3s0BaHHA NO IIpH3HakaM HCKOMaeMOH MOpoOsbl. 
OQHMM H3 TaKHX XapaKTepHbIX MPH3HAaKOB, MO3BONAIOULHM BOCCT@HaBJIMBaTb 
YCJIOBHA OTJIORKCHHA MecdaHbIX OCAKOB H3 BOJHbIX NOTOKOB, ABJIAIOTCA Tak Ha- 
3bIBaeMble «3HAKH PAOH», HIM, Oolee NpaBHJIEHO,— pudebHbIe MepHosuyeckue 
CTPyKTYpbl, HepeqKO COXpaHAIONLMecA Ha MOBEPXHOCTAX HallacTOBaHHH Mecwa- 
HHKOB. [lo pudebHbIM CTpyKTypaM JO HacTOAMero BPeMeHH yAaBasiocb Oowee 
WJIM MeHee Haex*KHO YCTaHaBJIMBaTb JIMUIb THM NOTOKA (BOJIHOBOK HJIM PyCJIOBO}) , 
TlepBOHAYaJIbHY!O OPHeHTALLHIO MyiacTa (ero BepX HIM HH3) H B HEKOTOPBIX 4aCT- 
HbIX CJIyYYaAX CyHTb O ruiyOuHe NoToKa. I]pH4auHa cCKyQHOCTH MHoOpMAaLMK, | 
nNovlydaemMol NO TepHowHYeCcKHM PHdeJbHbIM CTPYKTYpaM, OOyCJIOBeHa He TOJIb- 
KO He{OCTaTOUHOCThIO 3HAHHi HX CBOHCTB, HO HM HELOCTaTOUHO YeETKHM HM MpaBHib- 
HbIM H3JIO*KeHHEM B PAMe reoJIOrHYeCKUX PYKOBOACTB axe chewupHyecKHX YepT 
MOPCKHX WH peyHbIx pHdesteh. Tak, HalpHMep, HepeKO yKa3biBaeTCA Ha 0O93a- 
TeJIbHOCTh CHMMETPHUYHOLO CTPOCHHA BOJIHOBbIX pHdevsie (B OTMHUHe OT ACHMMET- 
PHYHOFO, MPHMHCLIBaeMOroO TOIbKO PYCJIOBLIM CTPYKTypaM),— MpH3HaK, KOTO- 
pbld XapaKTepeH JIA AOBOMbHO «PTyOOKOH BOY, T. €. JIA MAJIbIX 3Ha4eHHH 
OTHOWeHHA JJIMHbI BOJIHbI K ruryOuHe notToKa (A;/H ~ a), Ho He AA OobUIMX 
ryOuH. B HacTostee BpeMA, OaroapA pesysbTaTaM SJKCHePHMeHTAJIbHOrO KH 
TeOPeTHYeCKOFO HCCJIeLOBaHHA NepHOAHYeCKHX PUudebHbIX CTPYKTYP BOJIHOBO- 
ro MOTOK&, OKA3aJIOCb BO3MO?KHBIM MIOBBICHTb CTeleHb HajeKHOCTH PeCKOHCTPyK- 
WHM OOCTAHOBKH OCAKOHAaKOMJICHHA MO HCKOMAeMbIM PH*eJbHbIM CTPyKTypaM. 

B HacTosileH cTaTbe H3JiaraeTcA MeTOL oMpelesieHHA MapaMeTPOB BOJIHO- 
BOrO NOTOKA M0 MapameTpam Co3LaHHbIX HM PHeAbHBIX CTpyKTyp. Kpome oTMe- | 
YeHHOrO YHCTO IIPHKJaLHOro 3Ha4eHHA OH MpescTaBsAeT HHTepec HM C YHCTO TeO- 
peTHyecKOH CTOPOHEI. 

OnpeyesieHHe NapaMeTpoB MOTOKOB M0 TlapaMeTpaM CO3aBaeMbIX HMM TlepHo- 
WMYeCKHX CTPYKTYP ABJIAeTCA CNOMRKHOK HW MpaKTHYeCKH TPYAHO paspelliHMol 3a-— 
qauen. J\ia mocTymatTeibHoro NOTOKAa OHA BoOOIe He paspeliaeTcA H3-3a CBOel , 
HeowHosHayHoctTH. Jia BoOJIHOBOrO MoTOKa B OOLeM CJly¥yae OHA NMpakTHyecKH 
TakxKe He pa3pellluMa, Tak Kak He BCera NepHoquyeckHe CTPyKTYPbI CO3MaloTCA © 
JOCTaTOYUHO MpPaBHJIbHbIMH, OCOOeHHO BONH3H BepXHeH TrpaHullbl OOMACTH UX 
CyULeCTBOBaHHA (pH OobUINX BeIH4YMHAX CKOpocTeli H TepHosos), Mme prude 
TePAIOT .axKe CBOIO OCHOBHYIO 32KOHOMePHOCTbh — TpaBHJIbHY!O NepHOLHYHOCTD. © 
Ho B Tex clyyanx, Kora B CHcTeMe pudesel CosqaeTca HM COXpaHsAeTCA NpaBHsb- 
Had CTPYKTypa, OKa3bIBaeTCH BO3MOXKHbIM YCTAHOBHTb OJHO3SHAYHOe COOTBET- 
CTBH€ M@KTLY WapamMeTpaMM MOIHOCTHIO CPOPMHPOBaHHOH pHdebHOM CHCTeM — 
M llapaMeTpaMu Co3aBillero HX BOMHOBOrO NoToKa. JA npxAmMoH 3aqaun (ompe-— 
WeeHHA TapaMeTpoB pH*evIbHHIX CTPyKTyp No MapamMeTpaM BOJHOBOTO O- 


980 


| 


ToKa) B (*) HaMH ObI/IH Mo/ly4eHbI CJlekyioulve BbIparkeHua *: 


_, [@p.g\°* dp’ g\"" h 
Ap =0,732-10 ea (Ug) Ty = 3,60,- 10" a(¢ oe) eat (1’) 


0,1 ’ 0,1 
0.2 y a A h 
hy = 1,32-107 ee e ane) (v, + U9) Ts = 0,660. 1072 ey wot oats (1") 


x ne H 


Sp =S; = 0,/v", a) 


rye Ap —war, hy —BbicoTa NepHowuyeckux crpyKtyp; v, H UV. — MaKCHMAaJib- 


Hble 3HaveHHA MPHAOHHOH CKOpPOCTH BONHOBOrO ToTOKa NO, rpeOHeM Hi JIOXx- 
Ounolt; H, ts, he WU cCy—rayOuna, Mepwog, BICoTa BOTH! H ee Pa3z0BaK 
cKopocTb; d, p,, p,, Vv, @—MHaMeTp H MOTHOCTh YaACTHIL (Pr=Pr—Px), 
MIOTHOCTh H BHSKOCTb AHAKOCTH WH yCKOpeHHe cHsbI TAKeCTH, S, = Vv) / VU" 
nw Sp=/*/C (rge [* « [ —npoex- 
WHH Mosororo MH KpyToro CKJOHOB 
pudesa) —XapakTepHCTHKH CHMMeT- 
PHM BOMHOBOTO MOTOKa H pHdeueili. 

Bpripaxkenua (1) saBmatotes, of- 
HaKO, He@fOCTaTOUHbIMH JIA onpe- 
eJeHHA TpeX He3aBHCHMbIX BeJIH- 
WHH, XapaKTepH3yIOWUlHX BOJIHOBOH 
NOTOK tg, V,, H uu tz, he, H, Tak 


Kak Tleppbie 2Ba H3 HHX (1’) u (1”) 
JIMHeCHHO 3aBHCHMBI, a (1”) He co- 
Je€pxKHT 3aBucHMocTH S, OT HCKO- 
MbIX T[lapaMeTPOB BOJIHOBOrO HOoTOKa 
(HeH3BeCTH€a 3aBHCHMOCTb) Uv, = Puc. 1 


= f (As,H)). Takum o6pa3om, BMecTo 
Tpex ycJIOBHH y Hac HMeeTCH AHUIb OHO: (1’) Han (1). 

Jima NowyseHuaA HeMOcTaloulHX ypaBHeHHit HeoOXOAHMO MOS9TOMY HCIIOJIb- 
30BaTb JONOJHUTeIbHbIe CBA3H MeKAY XapakTepHcTHKaMH puede MH BOJIHO- 
Boro NoToKa. OfHa W3 TaKHX CBA3eH MOKeT ObITh NoJlyyeHa H3 Ooslee «TOHKOM 
CTPyKTypbi» pudesei — HX NomepeyHoH NepHosuuHocTH (7), BTOpad — H3 3a- 
BHCHMOCTH CHMMeTPHH BOJIHOBOrO MOTOKA OT JJIMHbI BOJIHbI H PuIyOHHbI HJIH OT Cy. 

Y mepvosuyeckHx CTpyKTyp BOJIHOBOrO (Kak H NocTyMaTesbHoro) MoToKa, 
KPOMe OCHOBHOM NepHoOAH4HOCTH, olpesesAemol wiaromM puHdeeH Ap, HMeeTCH 
eule oHa — «nomepedHand» MepHOAHYHOCTh, KOTOPOH MOMyJIHpyeTcA BbICOTa PH- 
cbesleH Bob UX rpeOueli (puc. 1). OcHOBHOH oco6eHHOCTbIO STO MepHosMYHOCTH 
ABJIACTCA COPaACOBaHHOCThb (a3 MOAYJIAWM BbICOT CoceqMHHX rpeOHeli (MaKCHMy- 
MbI BbICOT OAHOFO rpeOHA pacnoox*KeHb! MPOTHB MAHHMYMOB Jpyroro), B pesyVIb- 
TaTe wero B CHCTeMe CO3aeTCA WaXMATHAA CTpyKTypa. ITa cormacoBaHHOCTb 
a3 ABJIAeTCA Pe3yIbTATOM JleHCTBHA MpOcTpaHCTBeHHbIX — FHA poWHaMHyecKHX 
cua (3-*) Mexay SEMEHTAMH TepHOAMYHOCTH COCeAHUX rpeOHel H OTJeIbHBIMH 
yacTHILaMH. 

EcuIM BBeCTH B KauecTBe XapaKTePHCTHK JBaxK bl MePHOAMYeCKON CTPyKTypbl 
yrou a, oOpa3yemblii HalpaBJieHHeM paciipocTpaHeHHA NoTOKa H HalipaBJieHHem, 
COCAMHAIONIMM OM KAaUINe TOUKH rpeOHel, HAXOALLMeCH B OJHMHAKOBOHK ase 
(Hampumep, MaKCHMYyMBI BBICOT), TO BM€CTO JIBYX XapaKTepHCTHK — laroB oc- 
HOBHOH HU MolepewHo MepHoAM4HOCTH Ap H Aq, MOMKHO OyeT paccMaTPpHBAaTb 
nny a, CBA3AHHYIO C HUM cooTHouleHHem te @ =Ag/2A,. 

Jima MocrymatTesbHOrO MoToKa, Kak CJlelyeT H3 TeopHH (°), a OKa3bIBaeTCA 
TlOCTOAHHOM BesIMUYHHOM: a = ao = 54°40’ HW He 3a4BHCHT HUM OT BeJIHUHHbI CH 
(cKopocteli NoToKa), HH OT KOHCTAHT *KHAKOCTH H YacTH. B BOJHOBOM TOTOKe, 


* OToT BHA BbIPaKeHHi Np HA, uepes H H cy CipaBeqMB QA Me/KOH BOLE. 
z a8 


B KOTOPOM YCKOPeHHA OTAMYHbI OT HYJIA, £, BOOOULe FOBOpA, He paBHO 3TOH Be-¥ 
JMUMHe, TaK KaK THApOMMHaMMYeCKHe CHJIbI ABJIAIOTCA CyHKiWMeli He TOJIbK 
ckopoctei, HO H ycKopeHuii. [losTomy J1MuIb B TeX Cy4aaXx, Korfla elicTBHe yc-} 
KOPeHH CKa3bIBaeTCA 3HAYHTeIbHO Cabee JeHCTBHA CKOPOCTeli, 2 H B BOVIHO-f 
BOM IIOTOK€ OKa3bIBaeTCA BeECbMa O/M3KOH K ao (?). 

SKCHepHMeHTAJIbHbIe HCCIEOBAHHA, MpOBeeHHbIe HAMM B BOJIHOBOM I0-| 
TOKe, MOKa3aJIM, YTO H3MeHeHHe a B OCHOBHOM OlIpeesAeTCH H3MeHEHHEM BeJIH-f 
YHHbI CKOPOCTH, a He MepHoa*} 
(cM. puc. 2a), Tak UTO IpHOMH-§ 
2KeHHO & MOXKET ObITb 1pecTaB-} 
JeHO B Buje: a 


a = 0,954 [1 x (a: )| 


us | 

(2) 

Tl Uxp. —THcTepesHcHan Be-} 

JIM4HHAa CiBHraiolleH CkKOpocTH } 

1s aoe go (1A “acTH WMametpom 0,25 Mm } 
%/% oHa papna~ 10 cm/cex); mpe-} 

Puc. 2 JlembHoe 3HayeHHe a = ao =} 


= 54°40’ = 0,954 paynana. | 

Kpome coorHomienus (2) monepeyHaxd NepHOWHYHOCTh JlaeT BO3MOXKHOCTH | 
floIYUHTb elle OHO BbIPaKeHve, NpakTHyeCKH, NpaBa, He BNOMHE SKBHBA- 
ACHTHOe BbIpaxkeHHio (2), KOTOPOe CBASbIBAeT OTHOCHTEJIbHYIO BbICOTY MOsy- 
Jawuu rpeOusn Ahy/hp co ckoO- | 
pocTbio moroKa v, (pc. 26): id . 


a=] 
7 12¢ ° le 
0 510} 

Ah 1;13.40-* uv : 10 43 u;— 20 cm/cer 
Pe +0585"). ft i ee / 
P xp. 12 ts 3 

itt 
(2’) lO ° 
BenuunHa Ahp/hp 3aBHCHT f ae 3 
OT KOHCTAHT XKHKOCTH H UacTHIL : li 
(Ahp /hp yMeHbIlaeTcA C yBeJH- Puc. 3 


yYeHHeM pasMepa Y4aCTHI) H, Kpo- | 
Me TOPO, NPpOBOJHTb ee H3MepeHHe B IIpHpofe 3HayHTebHO TpyHee, 4eM | 
BeJIHUHHBI 4, TaK KaK H B peaJbHOM MOTOKe HM B HCKOMAeMbIX (OpMax He- | 
CpaBHeHHO Jlerue H3MePpATb SJIEMCHTbI B TOPH3OHTANbHOHW MJIOCKOCTH, ¥eM B 
BepTHKaJbHOH. Bce 3TO CHJIbHO CHHKaeT WeEHHOCTb BbIpawKeHuA (2’). 

Jl BO3MOX%KHOCTH HCHONb30BaHHA BbIpawkeHHa (1”) HeoOxo_HMO, Kak | 
yxKe YKa3bIBalOCb, PaCKPbITb 3aBucuMOocTb S, (HIM v_,) OT JJIMHbI BOJIHDI 


H TIYOMHb! HH OT Cp. Ec Mcnoub30BaTb BbIPaKeHHA MepeHoca 2%HKOCTH 
B IIPHXOHHOM CJloe BOJIHOBOrO MOTOKa, MosyyeHHple Croxcom (°) unu Xur- 
ruucom (*), KOTOpble OTMHYAIOTCA MexKy cOOOH MHIb GUCNOBbIM KOspibu- | 
IIM€HTOM, H Y4eCTh HX MYJbCHpPyiollee H3MeHEHHE 3a NepHOM BOMHbI COrmacHo | 
(®), to (1”) nepeftiner B 


by PEt de pee = a (3) 
_ y Ch — Xp a hic, : . ; 


B KOTOPOM YX paBHa sHOO | (no Croxcy), mH60 2,5 (mo XurrHucy). 
Kak BHAHO H3 puHc. 3, SKCNepHMeHTaIbHO MOJyYeHHaA 3aBHCHMOCTb 
Sp = S53 (cg, ¥,) B OOMacTH GOompumHx S,, B KOTOPOH TOUHOCTb H3MepeHHii 


cocTaBlineT ~ 15—20%, oka3bIBaeTCH BbIIle TeopeTHyecKOH Bcero Ha 11%. 


* Tlomyyente npaBHJIbHOH MOJIHOM 3aBHCHMOCTH JIA © H3 TEOPHH 3aTpyHeHO TeM, TO MbI 
He MO2KeM TOUHO y4eCTb BCeX AeHCTBYIOUNLHX B NOMpaHHYHOM Ci0e CHJI Ha YACTHIIbI, HAXOAAULHECH 
Ha rpeOHAX pxHipesen. 
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3 oOnacTH MasbIx S,, B KOTOPOH H3MepeHHA Oomee TOUHLI (~ 10%), pac- 
<OWKeHHe TEOPeTHYECKOH H SKCHEPHMeHTANbHOH KPHBOH ewe MeHbile. TakuM 
OpasoM, B pefesaxX YykKa3aHHOM TOYHOCTH H3MepeHHi, corsmacoBaHHOCcTb 
spipaxenua S*™° (cy, Uz) C Teoperuueckoit (up y= 2,5) oKa3bIBaeTca yao- 
3 JICTBOPHTeJIBHOH. 

Bpipaxkenusa (2) Hu (3) copmectHo c (1’) HM 3aBHCHMOCTLIO Cy H VU, OT 


1apaMeTPOB BOJIH 


, eng 
c= = Ethan, (4) 
he 
Picture ene (5) 


B 


YOpasylOT MOMHY!O CHCTeMy ypaBHeHHH JIA ONpeqeeHHA NapaMeTpoB BOJIHO- 
oro MOTOKAa MO MapaMeTpam MepHoOHueCKHX JOHHBIX CTPyYKTYP Basi OT Bepx- 
ieli rpaHHUbl OOACTH UX CyUeCTBOBaHHA (T. €. IPH NpaBHJIbHBIX H YeTKO BBI- 
JAKEHHBIX MePHOMMYHOCTAX H cpopMe pHdpeviel). 

IIpH ONTHMaJbHbIX YCJOBHAX MOPpelHOCTh onpefeseHHA Ty, V, H H oKa- 


pIBaeTCA MopAgKa 20%, B MeHee ONarOMpHATHBIX YCJIOBHAX OHA BO3PacTaeT JO 
0% H faxe Ooslee, HO y2xKe CAMa BOSMOXKHOCTh OMpeseseHHA Nake NOpALKAa Be- 
IMUHH IapaMeTPOB BOJIH JIHOO C MOMOLbIO CHCTeMbl ypaBHeHuii (1’) — (5), 
MOO HHIMBUAyaIbHO MO OTIebHBIM XaPaKTePHbIM OCOOeHHOCTAM BCTPpeualo- 
JMXCaA OPM B pAMe Cly4aeB ABJIACTCA HECOMHEHHO BeCbMAa MOJIOKUTEbHBIM Pe- 
Vy JIbTaTOM. 

Bpipaxaio OarosapHocTb Moemy Hay4Homy pyKoBoguTemo B. B. Jlouru- 
lopy MU mpod. B. I]. Sexkosuyy 3a nomoulb u OOcy*KeHHe, a TakxKe A. B. Meu- 
WHY 3a yuacTHe B paOoTe. 


UepHomopceKadA SKCHepHMeHTaJIbHaA TloctynHuao 
HayYHO-HCCJIeqOBAaTebCKaA CTAHILHA 3 X 1960 
Mucrutyta oOKeaHoJorHH 
Axajemun HayK CCCP 
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Jloknayn Akawemun nayk CCCP 
1961. Tom 137, Ne 3 


KPHCTAJJIOLPAPH #1 | 


C. A. CEMHJIETOB 


O KPHCTAJIJIHMYECKOM CTPYKTYPE CEJIEHHAA HHS In,Se, 


(I pedcmasazeno akademuxom H. B. Beaoeoim 14 1X 1960) 


CeneHHa, nHfua In,Se; orHocHTcA K HHTepecHOH rpynle NoJyHpOBOLHHKOB 
guna Alply (coequHenua Al, Ga u In c S, Se u Te), 6ombuinHcTBO KOTO- 
pbIX OOJlafaioT cTpyKTypoH Tuna ZnS. XapaktTepHoH OcoOeHHOCTbIO 3THX| 
CTPyKTyp ABJIAeTCH UX JePeKTHOCTb, T. €. HasHUHe B HHX OoMbUIOrO 4HCIAa 
CTATHCTHUCCKH PpaCMOMO*KeHHbIX MycTbIX y3ui0B. Tak, HampHMep, B 1 cm® 
Teauypuga wud In,Tes coxepxutca oKo0 5-10% y3noB, KoTOpbie mpH 
coctape 1:1 jOuKHBI ObINH Obl ObITb 3aHATBI AaTOMAaMH HHAHA. Hanuune 
TaKOrO OFpOMHOrO KOJIMYeCTBa JePeKTOB MPHBOAUT K OOJIbUIMM pee. 
MepHOAMYeCKOrO pacipeseseHHA MOTeHWHala pellleTKH H CHJIbHO OTparKaercH§ 
Ha QJIGEKTpH¥eCKHX CBOHCTBaX PaCCMaTPHBaeMbIX CoeqHHeHHH. B cBa3H C STM! 
6ONbIOH HHTepec NpefcraBsseT HeH3BeCTHaA JO cero BpeMeHH CTPyKTypa| 
coetHHeHusa IngSes, KoTOpoe HccIeqOBanocb B psxAye paoor. 

B neppom coo6ujenun (*) 0 cTpyKType IngSes yKa3bIBasOCcb, YTO 3TO COeIH- 
HeHHe HMeeT KaKYIO-TO HH3KOCHMMeTPpHYHy!O CTpyKTypy — Ha feOaerpamMMax 
OT Hero HaOJOasl0cb MHOXKeCTBO JIHHHH, MPOWMHAHWHpOBaTb KOTOpbIe Hel 
yAanocb. B Oouee mosque padote (*) BHICKasaHO TipesqnosoxeHHe O BO3MOXK- 
HOCTH CYIIeCTBOBaHHA ByX MOupuKanHH In,Se; H aHbI MepHowb rek-| 
CaroHaJIbHOli pellleTKH BbICOKOTeMMepaTypHoH Mopsudbukanun: a = 3,99 A, 
c= 19,24 A. Ananns nocnexyiomux paG6or (3-5) npuBoxuT K BBIBO,y, 4TO 
cyllecTByIOT 10 Kpalvel Mepe TPH pa3mHUHbIX MOHpuKauHH In,Sez: rpauToe- 
noyqoovan a&-MoLMpuKAaWNA, yCTOHYHBaA pH KOMHaTHOH Temiepatype; B-MOuH- 
dukauHa, ycrolunBan Baie 200°, Hu Y-MofsuduKalHA, ycroiunpaa BbILe 
500—600°. Cnenyer oTMeTuTb, UTO B (*, *) (10-BHAHMOMy OWIMOO4UHO), B OTHE 
or (4,°), yka3bIBaeTca, 4TO rpaduTonoyoOHaa dopma In,Se, ycroHunBa up 
Temiiepatype Bpilie 200°. ) 

B wactosulei paOoTe mpoBeseHo IIeKTpOHOrpauyeckoe HcceloBaHHe TOH 
KUX TeHOK IngSes, KOTOpbie MO y4aHCb BOSTOHKOM HeOOJIbIUHX HaBeCOK cia 
Ba IneSes H3 BOJb(paMoBol CNupaiM. ONMCaHHbIe HWKe CHHMKH OblIM NOyveHb 
OT MvleHOK IneSes, MpHroTOBJIeHHbIX BO3TOHKOHM Ha JIMCTOUKH CJIOAbI, HAXOAAUIMe 
CA Ip KOMHaTHOM TemMepatype, C NpHMeHeHHeM Mocwielyronlero OTKUTAa B Bad 
KyyMe. “7 

Ha puce. | mpeqcraBseHa 3IeKTpOHOrpammMa, NowyyenHas oT OOpasila, OTKH- 
rapileroca B TeyeHve 2 yac. mp 180°, T. e. HuKe TemMepaTypbI NepBoro aso; 
BOrO IipeBpanleHusa, OMCaHHOro B (*,°). XapakTepHOH OCOOEHHOCTHIO STO 3/1eKT} 
POHOrpaMMbI SABJISeETCA HamMuve ABYX THMOB oTpaKeHHit — pe3KUx U CHJIBHC 
pasMbITbIX. B pesysibTaTe HHAMUMPOBaHHA 3JIEKTPOHOPpaMMbI yCTaHOBJIeHO, UTC 
Bce HavOoulee CHJIbHbIe OTPAKeHHA OTHOCATCA K TeKCarOHaJIbHOH AYelKe C Te} 
pvogamu a’ = 4,00 A, c’ = 19,24 A, ycraHopneHinu B (?,3), OqHako tom 
MO 93THX OTpaxkeHHH Ha CHHMKe COBepIIeHHO OTUETIMBO BHHbI Gomlee cabbie 
pedJieKCbl, TAK7Ke PpacnoJO*KeHHble NO d1NUTICAaM. Bee OTpaxeHHA J/ICKTPOHO} 
TPpaMMbI OKA3aJIOCb BO3MOXKHKIM MPOHHAMUMpoOBaTb Ha OCHOBe TeKCaroHaJIbHOw} 
aueliku Cc nepHoxamu a = 16,00 A, c = 19,24 A. , @ 


Puc. 1. OmektponorpamMa HH3KOTeMMepatyp- 
HOH G@-MozHHKanHH In2Se3 


Puc. 2. OnektponorpamMa B-mogzH@uKayHH [n2eSez, 
ycToHuHBol Bblue 200,. 


Puc, 3. OveKTpOHOrpaMMbl KyOH4yeCKOl (a) H HH3KOCHMMeTpHyecKoli (C) 
MoqupHKaWHH IngSeg 


WAH, P. 187, Ne 3, Cemumnetos 


we 


Niet 


_ Ha puc. 2 jana s1eKTpoHorpamMa oOpasila, OTKUraBlUleroca MOCe BOsToH- 
“M mpuH 350—400°, T. e. Bile TemmepaTypbI NepBoro cpasoBoro Nepexoa, onH- 
annoro B (’,°). B ormvuve oT mpesbilyulei IIeKTpOHOrpaMMbl 3eCb BCe pe- 
DIEKChI OONAaaiOoT HOPpMasbHOM pesKocTbl1O. Ilepexoy a — 8 mpoTeKaeT BeCbMa 
feIeHHO — JIA MOIHOrO NpeBpauleHHa NeHKH ToOUMHOM B 400—600 A tpeby- 
TCA OTKUP B TedeHHe 7—8 uac. np 350°. DQnekTpoHorpamma puc. 2 Opia mpo- 
[HMUMpoBaHa Ha OCHOBe FeKCaroHa/IbHOH AYeHKH C MepHomamu a = 7,11 + 
- 0,01 A, c = 19,30 + 0,04 A. Oru sHauenua nepvosoB HaXxo,ATCA B IIpOCTOM 
OOTHOWeHHH C TepHoxamu a-MoqupuKanuu: ag ~ a,-V3, co Co. 

BuicokoTemnepatypHaa B-mMoqupuKauna IneSes CKIOHHAa K MepeoxJiaxKeHHIO 
{ JOBOJbHO YCTOMUMBa Mp KOMHATHOM TemnepaType — Mocue xpaHenua oOpas- 
jos B-InzSe3 B TeveHHe 4 Mec. Mp KOMHATHOM TemiepaType He HaOmMOLaNOch 
(MKaKUX IIpH3HakOB MpeBpauleHuaA 8 — a. STO COOTBeTCTBYeT JaHHbIM paGOoTHl 
5) © CKOHHOCTH HM MaKpooOpa3uoB B-IneSes K mepeoxaxZeHuIO. 

TJoMHMo ONHCaHHbIX SJIEKTPOHOrpaMM THMa KOCbIX TeKCTYp HaMH GOBLIN MO- 

YeHbI TAK2%Ke SIEKTPOHOFpaMMBbI OT MOMKpHCTaia (pwc. 3). ItH CHuMKH M0- 
Iy4eHbI OT OOpasiloB, OMKHraBUINxca B TeueHve 10—12 uac. npu 500—600°. 
JeKTPOHOTpamMa pHc. 3a NpOMHAMWApoBaHa Ha OCHOBe KyOM4eCKOH mMpH- 
(MTMBHOM pewleTKH c nepHogamu a = 10,10 A; Ha aneKTpoHorpamme puc. 36 
[aGmoaeTCA MHOKeCTBO JIMHHH, 4TO CBUeTeIbCTByeT O HH3KOM CHMMeTpHH 

{aHHOH (pa3bt. 

_ Takum o6pa30m, NoMHMO JByX reKCaroHaJIbHbIX MOAMUKaLHH IneSes cyue- 
TByeT eule KyOM4ecKan y-MosHpuKalHAa c nepHofamu a = 10,1 A u sropaa, 
(oka 4TO He pacuINppoBaHHad, 10-BHMMOMY, MOHOKJIHHHad 6-MoqMpuKalHa. 
{ HacTOAILeMy BpeMeHH MOXKHO CUHTATb 3AKOHYCHHBIM OnpesemeHve KpUucTa- 
(ugeckoH CTpyKTypbl o&- HW B-MoqMpuKauHi. 

HauGouee oTueTIMBbIe JIEKTPOHOrpaMMbl ObliH nowyyeHbI oT 8-In2Ses, mo0- 
TOM eee CTpyKTypbl Obiio HauaTo Cc STO bas. Ha seKTpoHOorpam- 
{ax OF TeKCTyp B-MOAMpUKALHH, CHATEIX Ha NpOXo*KeHHe, He HaOOMaeTcA HH- 
(AKMX 3AKOHOMepHBIX NoracaHHii; Ha CHHMKAaX, MOJIY4eHHbIX MeTOJOM oTpaxe- 
Mx, u3 petrlekcos 000/ mpucytcrByioT AMuIb Cc / = 6n, 4TO NpMBOLMT K YeTEIPeM 
[ByM MapaM JleBo-mpaBblx) dekopoBckum rpynmam: Cs; = C6i (Cj = C6s) 
BD. = o12(D; = C62). . 

Ilo zanupm (2) B sueitKeYIn2Ses c nepHofama a = 4,00 A uc = 19,24 A 
ojepxKutcaA 2 POpMYJIbHbIX CHHHLUBbI; CIEMOBATeIbHO, B AueiKe B-IneSes RoK- 
‘(0 OniTb 6 PopMyHHEIX eAMHUL, T. e. 18 aromos Se u 12 aromos In (noah oc- 
(OBaHHa s4elKU B-cbasbI BTpoe OobIUe MOWaH OCHOBaHHA NceBoAyeHKH 
-(pa3ni). 

» Pacnonoxwkenve aTomos B cTpyKType B-IneSes OblIo onpeyeeHoO, B OCHOBHOM, 
(0 IpOeKUMH HM CeYeHHAM MaTepcoHOBCKON (yHKUMM. OHako Ayia OLHOSHAdHON 
jACIUMPOBKH yKa3aHHbIX CHHTe€3OB ABTOP WWHPOKO NOJIb30BasICH HeAMH TeO- 
MM MJIOTHCMUIMX yNaKOBOK HM MeTOJaMH reoMeTPHYeCKOrO aHaH3a CTPyKTYpH. 
} pesysbTaTe ObIIO yCTaHOBJIeCHO, YTO B OCHOBe CTPyKTypbl B-MoqMuKAaHH se- 
KUT J{ByCOMHaA TreKCaroHasIbHaA ynaKOBKa aTOMOB Se, a aTomp! In pacmono- 
KeHbI B TeTpadpHuecKUX MycTOTAaX STON yMaKOBKH, MIpH4yemM He CTATHCTHYECKH, 
 ylopafoueHHO — OHH 3aHHMaIOT IYCTOTbI, CBASAHHbIe WecTepHol BHHTOBOM 
icb10 (cbeoposckaa rpynna C3 = C65). 

- Jina onpefenenua napametpa z atomos In Opa npoBeyqeHa MHHUMAaIH3allHA 
sakTopa R orpaxkennit AOA/. B pesyabtate ycTaHOBJIeHO, YUTO MAHMMaJIbHOe 3Ha- 
enue R (22%) HaOmogxaetcsa npn 27, = 0,130. pu 9T0m kpatuaiiuiee pacctos- 
‘Me Mexjty aromamu In u Se pasuo 2,51 A. Sto paccTosHHe HecKOIbKO MeHbIIe 
yYMMbBI TeTpadipHyecKHX KOBAaJICHTHEIX paguycoB In uw Se (1,44 + 1,14 = 
= 2,58 A). Onnako, ecu paccuntTaTb TeTpaspnueckui pamnyc In u3 qectbeKTHOK 
| TpyKtypst InzTes, To on OvmeT paBen He 1,44, a 1,35 A (ra6nmuHoe 3HaueHHe 
_,44 A nomyueno u3 ctpyxtyp InAs u InSb c cootHomienvem KommoHeHToB | : 1), 
/cymma payuycos In u Se Oyner pasua 1,35 + 1,14 = 2,49 A, 7. e. npaxru- 
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| TAH, 7. 137, Ne 3 589 


| 
t 


# 


Takum o6pa30M, MOXKHO CUHTATb, YTO B3aMMOselCTBHe MexKLy aTOMamH | 
vu Se B cTpyKtype 8-IneSes aBIAeTCH NPCHMYUICCTBEHHO KOBAaJICHTHEIM. CrpyK 4 
Typa 9Ta ABJIAeTCA c—PaKTHYeCCKN CBEPXCTPyYKTYPHOH Ha OCHOBe CTPyKTYyPbI THM, 
BiopuutTa. AnasloruuHad CTpyKTypa Oplia ycTaHOBseHa paHee JIA OAHOH 3 MO} 
mucuKanui GaeSs (°). 5 

B pa6ote (°) quia a-mMozupuKannn IneSes npesziomwena mpocTpaHcTBeHHasy, 
rpynna Dé, — C6/mmc. Ha 2ekTponHorpamMax, Nowly4eHHbIX HaMH OT 3TOM 
cba3bl, morawieHb! Hub pedmexcnt Tuna OOO! c /=: 2n, 4TO MpHBO_UT 
B oTaHuHe oT (°) K cmeqyromlum rpynnam: Cz — C6,; D§ — C6,2 u Cs — C6,/m] 
B ncepgosuetike a-IneSes coqepxKatca 2 POPMYVJIbHbIX eC MHUIUbI; COOTBETCTBEHHC 
B sAuelike C Y4eTBepeHHbIM MepHoLoM a uMeeTcA 32 chopMYyJIbHbIX eC HHHULBI| 
T. e. 96 aromoB Se u 64 atoma In — scero 160 aTomos. SAcHo, 4TO cTpyK} 
Typy C TaKHM 4HCJIOM ATOMOB pacilHpoBaTb upesBEyalHO TpyHO, Te 
6olee 110 CHHMKAaM C Pa3MBITBIMH pedviekcaMH. OjlHako 3ayaua 9Ta CHJIbH@ 
yipoulaetcd BCuIeCTBHe HaJMYHA NceBlonepHofwa M MpocToM CBA3H MexK]L\ 
nepHowaMu peweToK a@- H B-MO_MdHKaHi, O KOTOPOH FToBOpHsOcb BBIey 

Jia onpesqeieHun MofeH CTpyKTYypbI G-MOLM@UKALHH OBLIH NOCTpOeHb! Mpos 
ekuun Ilatrepcona P (xy0) u cevenne Tlatrepcona —Xapxepa P (x0z). Iipyp 
9TOM BCJI€ACTBHE pa3/IM4HOU Pe3sKOCTH OTPaxKeHHH MpPOMSBOANOCh OnpeeeHHe 
HHTerpaJIbHbIX HHTCHCHBHOCTeH, a nepexo K ©? mpousBosusca no dopmyue (’ 

D, rs a ? a 

pd Rsin@g 

IIpu pacuere yKa3aHHbIX CHHTe3OB cylaOble OTPpaxKeHHA He YUHTLIBAJIHCb 
UHBIMH CJIOBAMH, CHHTe3bI CTPOWJINCh AIA nceBsonueHKH. B pes3ybTaTe pac 
WHPpOBKH YKa3aHHbIX CHHTe3OB MH NpHMeHeHHA MeTOJa MpoO Opiia ycTaHOBeHa, 
cleAyioulad MOJeib CTPyKTYpbI G-MoANduKanun. B ocHoBe CTpyKTypbl, Tak x 
Kak H B Culyaae B-MOAMuKAaLHH, JexKUT [ByCOHHAA PeKCarOHaIbHaA yNaKOBKa 
aToMoB Se (mpocTpaHcTBeHHaa rpynna Ce° — C63); OCHOBHaAd Macca aTOMOH 
In pacnoyioxwkeHa B TeTpad{puyecKHX HycTOTaX STOH ynakOBKH H 1/16 — B OKTa 
3puyeckux. IIpH 3TOM 2Ba COA 3AHATLIX MYCTOT YepeyloTCA C OHHM CJIOeM 
CBOOOAHEIX, 4YTO MpPHBOAHT K CHJIbHO BbIPaKeHHOH CJIOHCTOCTH CTpyKTypbI —} 
OHa MOCTpoeHa M3 MATHCOMHBIX nakeToB Se In Se In Se, mpwnyuem Byoub ocH ¢ 
AYCHKH yKJabIBaeTCA JBa MOMOOHbIX nakeTa. CBa3b MexKAY NWakeTaMH ABA) 
eTCA, OYEBHAHO, BAaHJepBaaJIbCOBCKOH — COOTBeTCTBYIOMee paccTOAHHe MeKLY 
aToMaMH Se, pacnouoxKeHHBIMH Ha rpanuue AByx maketos (3,55 A), jaxe He 
CKOJIbKO OOJIbINe PaCCTOAHHA Me@XKy ATOMAaMH, PaCMOJIOKeHHBIMH B COCeAHHY 
enouKaX CTPYKTYpbl 3eMeHTapHoro cesena (3,46 A). YKa3annpie nATHCHOMY} 
Hbl€ MaKeTbl pacio/iaraiorca B CTpyKType a-InzSes no 3aKOHy rekcaroHasbHOH, 
ynakoBku BCBC ... H B 3TOM OTHOIIeHHM CTpyKTypa 9Ta CHJIbHO MOXOx*Ka Hg 
ctpyktypy InSe, re HaOoqaeTca TaKoe 2%e pacrosowKeHHe maKeTos Se In I 
Se 


.) 


rae dad’ = 


Kak yKa3biBaJlocb BBbILe, XapaKTepHOH OCOGeHHOCThIO 3JIEKTPOHOrpaMMBbI O 
a-IneSes ABJIAeTCA PasJIHYHAaA pe3KOCTb OTpaxeHHi. II1pH 9TOM pa3sMBITHIMH OKA} 
3bIBalOTCA BCe pedPIeKCbl, pacnosoywKeHHble Ha JIMNCaX c h — k + 3n (3a ue 
Ku0ueHHem AAOQ-pedsekcosB); BCe OTPaxKeHHA, PpaCMosORKeHHbIe Ha BIIMMCAX ¢ 
h —k = 3n, oOnaaioT HOpMadbHOH peskocTb10. AHaJOorHunad KapTHHa Ha: 
Omiofaiach paHee Ha 9/eKTpoHOrpamMax InSe u Opiia OObACcHeHa HawHUHe 
oumM60K B pacmosiowKenun maketos (°). [locKouibKy 3aKOHOMepHOCTb pa3MbITHs 
OTpaxKeHHii Ha CHHMKaxX OT a-IneSes TOUHO Taka 2%Ke, KaK H B Cay4ae InSe, TC 
OYeBHAHO, YTO HM MpHuHHa STOO ABJICHHA Ta 2%Ke CaMad, T. e. Hawune OMMOOK 
B PaCHOJIOMKeHHH MATHCJIOHHBIX MakeTOB. CyescTBHeM CJIOHCTOCTH CTPpyKTYypbh 
ABJIACTCH COBePINeHHaA CMaWHOCTb KpHcTas0B d-IneSes no Oa3Hcy. | 

MexkaToMHble paccTOAHHA B CTpyKType G-MOAMUuKAMHH OKasaHCcb cenyio} 
mumu: In —Se=2,51A (B TeTpagzpe), In — See = 2,95 A (3 oKTagype),. 
Se — Se = 3,55 A (mexny nakeramn). | 

Hecmotps Ha Kaxkyllyl0cd CIO*KHOCTb, CTpyKTypa a-InzSes cxoqHa CO CTpyK 
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MycToTax JByCJIOMHOH reKCarOHaJIbHOM ynaKOBKH), OcHOBHOe ee OTHUHe 3a- 
KOUaeTCH B CJIOMCTOCTH HM pacnosoxKeHHH */is aTOMOB In B OKTAa2{pHuecKHX 
HyCTOTAaXx. 

CuibHoe rajeHHe 9eKTpompoBosHocTH o6pasuo0B IneSes, npovcxosaulee 
ApH a —> 8-npeppamennu (*,°), 10-BHLHMOMY, CBA3aHO TlaBHbIM OOpa3om C mepe- 
X0H0M */i6 aTOMOB In H3 OKTAIApH4ecKUX MycTOT (CBA3H C p-3HCKTPOHAaMH) B 
TeTpasypuyeckne (sp*-cBa3H). 


MuctutyT Kpuctasorpapun Toctynuso 
AxajemHu Hayk CCCP 9 VI 1960 
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JAoxrnzane Akagemun nayr CCCP 
1961. Tom 137, N 3 


XHMHA 
Akayemuk b. A. APBY3OB, 3. Tr. HCAEBA u 10. 1. CAMHTOB 


MCCJIENOBAHHE BUUWMKJIMN4ECKHX TEPMEHOB WH HX OKHCEM 
METOJIOM TIPOTOHHOrO MAFHHTHOLrO PE3OHAHCA 


Jia OMUMKJIM4YeCKHX TepneHOB HMeIOTCA B JIMTepaType JIMMIb pasposHeH- 
Hble JaHHble OO UX Il. M. p.-cleKTpax. TaKoBbl aHHble O Ml. M. p. Kamdophi, 
a-XJIop, @-Opom H oc’-7HOpomKamdoppni (1), Kamqena (?). MmewtTca yKa3aHHx 
O YaCTOTAX HEKOTOPDIX JIMHHH M1. M. p. a- H B-mMHeHOB (3), mHHOKam@oua (°). JLax- 
HbIX O Il. M. p. CNe€KTpax OKHceH OHIH- 

KJIMYECKUX TeplleHOB HaMH He HalijeHo. — 
B Hactoste paOote u3y4eHEI 1. M. p. : 
enekTpbl dA®-Kapena, oxucu dA*-Kape- 


22) 
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Ha, da-munena, / — a-nmuHena, dla-nn- : 
HeHa, d-oKHCM a-nuHeHa, /-oKuCH a- 55288) soe 
MWHeHa, B-HHeHa, OKHCH §-nHHeHA, . cs 506 
CeMHIMKIHYeCKOrO §=—- KapeHovla, dl- (CyHs) *2eh *508 r888-635%10 (+04) 
TpaHc-lHHOKapBeowa. 

_ CnekTpbl CHHMaIHcb Ha 4. M. p.- ‘ts 
CieKTpoMeTpe C NOCTOAHHbIM MarHHTOM 0 
mpuv = 24,458 Mru (Ho = 5730 9pcr.). 518 
Cnextporpad pa3pa6otan IO. 1O. Ca- vi 
MHMTOBBIM, IIpeqebHad OTHOCHTebHAaA Va sae bs 
paspeulaioulad CHa mpoOox paBHa | ; : 
5-108, B KauecTBe BHyTpeHHero cTaH- a 


9 +436 +538 |+638x10 (+94) 
HapTa Hcnoub30Baica OeH30; AMamerTp (56) ae 
WMWJIHHpMyecKHX aMMY cocTaBAJ Puc. 1 
3,0 MM pH oObeme oOpa3ia oKOJIO : 
0,1 cm’, nonoxeHve JMHUH ompeserssocb MeTOJOM «OOKOBBIX Mooc» Cc TOU- 
HOcTbIo +1 Pil M KOHTpOJMpoBasoch NyTeM HHTePNOALMN MO AByM cTaHapTam 
C OTHOCHTebHOM TOUHOCTHIO +-0,4-10°7. Cnextppi cbotorpadupoBasncb Heno- 
iCpecTBeHHO C 9KpaHa ocuMorpada DHO-1, npwyem KpPHBH3HAa SKpaHa y4H- 
THIBANACb, CKOPOCTh pa3BepTKH TOJIa coctaBasana 0,5 m9/ceK. 

Ha puc. | npwBezen cnextp da-nunena. Cnextpsi /a-nvnena u d/-a-nunena 
OKa3asIMCb, KaK HM CJIeOBaIO OKUNPaTb, WMEHTHYHbIMH CHeKTpy da-liMHeHAa. 
B cnekTpe HMeeTCA NATb NHKOB CO Cyle@yIOULMMV 3HaYeCHHAMH XHMMYECKHX CIB - 
TOB, OTHECEHHBIX K CeH30NY, B eAnHNax 1077 (RecATHMHJJMOHHBIe OJIN TpHio- 
3KeHHOrO Noma): 22,1 (1); 50,6 (4); 55,2 (5); 58,8 (3) u 63,3 (8). B cKoOKax yxKa- 
3aHbI IPHMepHble OTHOCHTEJIbHbIC HHTerpaJIbHble HHTCHCMBHOCTH MUKOB, YHCJIeH- 
Hbi€ 3HAYEHHA KOTOPHIX JOJMKHbI, COrMACHO TEOPHU, COOTBETCTBOBATb UHCJIy Tpo- 
TOHOB B MOJIeKyJie, BHOCAILUX BKJa B JaHHylo JIMHMIO. XUMMYeCKHH CABUr 
22,1 cieyeT OTHECTH K IPOTOHY mpH ABOMHOM CBA3H; STO SHAaYeHMe COOTBETCT- 
ByeT JMTepaTypHLIM JaHHBIM Jit MpoToHa mpx C = C. B o6sope Koxpos (*) 
MMeeTcH yKasaHve Ha 3HaveHHe XMMHYeCKOFO CABHra MeTHJIbHOrO pasuKasa 
TIpH ABOMHOM CBA3H G-NMMHeHAa, paBHoe t = 8,37, KoTOpoe XOpPOUO Ccoracyerca 
C NOJIyYYeHHEIM HAMM 3HayeHHem 55,2 (MbI CUNTaJIH, YTO MOOKeHHe GeHsO/IbHOrO 
TKa B WKasle T OnpemesaeTcA 3sHauenvem 2,84 (4)). XumMuecKHe cABUrH 58,8 
M 63,3 COOTBeETCTBYIOT JBYM MeTHJIBHbIM palukaslaM TreMAMMeTHIbHOM rpynnu- 
poBKH. OOpatiaeT Ha ceOA BHHMAaHHe BHICOKOe 3HAYeHHe CABUTa JIA OHOFO U3 
MeTHJIBHBIX pagwuKasioB (63,3) u Ooubmlad pasHHla Mexk,y 3HadeHHAMH CABUTOB 
BYX MeTHJbHBIX rpynm (4,5 eq.). O6cyxmeHHe STOFO ABNeEHHA OyeT chemaHo 
mosxe. Heckoibko TpyfHee, pH JaHHOM pa3spellieHHH cMeKTpa, HeHTHpH- 
WMpoOBaTb XMMMYeECKHe CABUrH Jit MeTHJICHHDIX py HW MpoOTOHOB Ik- 
(meaHoBoro mocTuka. Ilo Halllemy MHeHMIO, JIHHHA Co 3Ha¥eHHeM 50,6 o6yc.10Bse- 
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Ha IIpOTOHAMH MeTHJIeHOBOM TpyMlbl pAOM C ABOMHOH CBASbIO MH MpOoTOHaMH 
IHI[eaHOBOrO MOCTHKA, a MpPOTOHbI pyro MeTHeHOBOHM TpyMMbl BHOCAT BKAL 
B JIMHM10 C XHMH4eECKHM CBHTOM 90,2. Ha puc. | npuBesex cnexkTp /-oKCH a-nHHe- 


25,3 
CH, 
546 626 
| ae 546 
+253 +493 +578 *626%10 (04) 
= 
421 
CHy 
\>0 
531 
0 “471 |+596| 
(CeHg) +537 +632x10 (404) 
Puc. 2 


MOMY JIA Me€THJIbHOrO paWKaJla MpH OKHCHOM KOJbie B dypMaruHHe (7), 
A YTO COXPaHAIOTCA Ba MHKa C BBICOKHMH 3HAYeHHAMH XHMMYeCKOrO CABHra 


Wat TeMAHMeTHIbHBIX rpynn HW yBe/H- 
YHBaeTCA CABHF MeETHJIbHOH Tpyniibl pH 
OKHCHOM KOJIbILe. 

Ha pwc. 2a mpeycrapien 1. M. p. 
cnekTp 8-mMHeHa. B cnekTpe oTmeuatoT- 
CA UYeTHIPe OCHOBHBIX MHKa CO 3Haue- 
HHAMH 25,3 (2); 49,3 (8); (57,8 (3); 
62,6 (3). Ha cmexTpe BHAHO, 4TO NHK 
49,4 nmoxo paspeuieH. B Hem HamMe- 
waeTCA MMK C SHaYeHHeM XHMHMYeCKOrO 
capura 54,6 (2). Capur 25,3 moxer 
ObITb OTHECeH K MpOTOHAaM MeTHJIeHHOM 
rpynnMbl CeEMHUMKIMYeCKOH CBASH (WIA 
KamdeHa JlarioTca 3HayeHHA 24,0 u 27,5 
(?)). JIunuu co cyBuramu 62,9 u 57,9 
oOA3aHbI TreM J\MMeTHIbHOH rpynne. 
Cnextp ®8-mHwHeHa, CHATHIi Ha CreKT- 
porpape c Oompulei pa3perltaromel 
cuoH (Japan Nuclear Magnetic Re- 


sonance Spectrometer), nmoTBepAHsI npesnouowenve O CJIOXKHOCTH TIMKa CO 
3HaveHvem 49,3, 4TO BHHO M3 CneKTpa, MpescTaBseHHoro Ha puc. 26. OrHe- 
ceHwe XHMHY¥eCKHX CBHrOB B HHTepBasie 44-54 Kk ompeyeneHHBIM MpoTOHaM 
MOJIeKYJIbI B-mHHeHa HaMH He Mpou3BeeHo. 

CnekTp oxucuw B-mHHeHa MpeycraBmeH Ha pc. 26. SHaveHHA XUMMUeCKUX 
C/BHTOB H UX HHTCHCMBHOCTH XapaKTepH3YIOTCA CJeLYIOULMMH aHHBIMH: 47,1 (2); 
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Ha(creKTp d-oKHCH H G-nuHe- 
Ha WJleHTH4eH CriekTpy /-oKH- § 
CH) CO CJleyIOULWMH 3Haue- F 
HHAMM XMMMYeCKOrO cCaBura: FF 
43,6 (1); 53,8 (6); 59,3 (6); 
63,8 (3). 
CpaBueHHe cnekTpa oku- Ff 
CH MHHeHa C TaKOBBIM G-IIH- 
HeHa yKa3bIBaeT Ha Hcue3- 
HOBeHHe JIMHHM CO CBHTOM; 
paBHbIM 22,1, cooTBeTCT- 
BylolueH MpoToHy mpu C = 
= C, H Ha noaBJeHHe NMKa cc 
3HayueHHem 43,6, oTBeualo- 
ero MpOTOHY Mp OKHCHOM 
O cH 

KOJLbUe (WA —cHZ Neg 


B (dypMarwinvHe aiorcs 
3HayeHHaA )6t = 7,20-—-7,65 
WJIM M0 OTHOUICHHIO K 6eH- 
301y sHayeHua 43,6--48,1 
(?)). Caeqyer OTMeTHTb, 4TO 
B CMeKTpe OKHCH G-lnHHeHa 
XHMHUeCCKHH CBU JIA Me- 
THJla TIpH OKHCHOM KOVJIbIe 
paspen 59,3, T. e. OM3KO 
K 3Ha¥eHut0 60,6, npHBosH- 


55,1 
CHy 


+559 +605 Ys 
ie at (#04) 


Puce. 3 


‘a 

53,1 (8); 59,6 (3) u 63,2 (3), a TakxKe HamMeuaeTca NOXO pa3speuIeHHBIi MK 
B oOs1acru 50 (1). Cnextp okucu 8-nuHeHa 61M30K K CHeKTpy OKHCH a-nHHeHa 
3a HCKJIO“CHHEM MH OT MpOTOHOB Np OKHCHOM Kosbue. B oKucu B-nMHeHa 
STH MpOTOHHI Aa1oT JIMHHMH C Oomee BLICOKHMH 3HA4eHHAMH CABHTOB, YTO COOTBET- 
| O 
CTByeT JIMTepaTypHbIM aHHbIM O XHMM4eECKOM CABUre rpynnupoBKu CH,Z SC 
(41h OKUCH M306yTHeHa 3HaYeHHe XMMMUeCKOro cABHra paBHo 46 (2)). Xumu- 
feckHe caBuru 63,2 u 59,6 joumKHBI 

GbITh OTHECEHI K METHJIBHbIM payukasam Sat 
reM J[MMeTHJIbHOH rpynnmupoBKH. Ilnoxo . 
PaspelieHHbI MHK COOTBETCTBYyeT Lle- a : 
2TH IpOTOHaM MeTHJIeCHOBBIX rpynn u 
[BYM IIpoTOHaM MMieaHoBorO MOCTHKAa. 

Ha puc. 3 mpeyctapnen cnextp dA?- ikses Ee ne 
Kapena c naTbio muKamu: 20,0 (1); 51,8 235 1366) 917 OR 66 2.10 F494) 
A); 55,1 (5); 60,3 (3); 62,3 (3). Pesonanc 
mp4 20,0 o6ycioBneH MpoToHoM mpH 
(BOMHOM cBa3H. [lonoxwKeHHe NHKa OT NPOTOHOB MeTHJIbHOM rpynibl pu ABoH- 
HOH CBaA3M, paBHoe 55,1, 61u3KO NO CBOeMy 3HaAYeHHIO aHAJIOrHYHOM MeTHJIbHOH 
Ppynne y a-nmuuena (55,2). Iluku 62,3 u 60,3 coorBetcTBy1oT reM JHMeTHJIbHbIM 
daquKanam. MeTuJieHHble rpylitbl, OCBUAHO, JOJMKHEI ObITh MpeACTABJeHbI 3Ha- 
qeHHAMH 51,8. Biio He COBCeM ACHO, B KaKYI0 JIMHH10 BHOCAT CBO BK ay, rpyn- 
tt CH uHkKsonpomaHoBoro Kouba. B npesBapuTebHOM COOOMLeEHHH O CTpOeHHH 
(MKJIOrenTaTpHeHOBbIX MpOH3BOLHEIX Kopei, bépK u Pemepc (’) npHBOLAT cneKTp 
q. M. p. A? 4-meTuiKapeH-5-oHa, B KOTOPOM MPOTOHb! MWMKJOMponaHoBoro 
KOJIbIla OTHECeHEI K JIMHHM co 3HayeHHem 54,8. Ilostomy B cayuae A*-Kapena 
MpOTOHI WHKJONpoMmaHOBOrO KOJbILa MOryT ObITh OTHECeHbI K MMKYy CO 3Haue- 
quem 55,1, B KOTOpbIit BHOCAT CBOM BKJIay, TaK2Ke IpOTOHbI eae = rpynnpt. 

Cnextp n. M. p. okucu dA®-Kapena npeyctaBien Ha puc. 3. Tlomyuenni cate- 
yiollve 3Ha4ueHHA XuMM4eCKHX cmBHroB: 47,1 (1); 55,9 (6); 60,5 (3); 62,4 (3) 
a 65,4 (3). B cnextpe ofcyTcTByeT mMK Co 3Ha¥eHHem 20,0, KoTOpbIii CooTBeT- 
STBOBAJI MIPOTOHY MIpH ABOMHOM CBA3H, HO MOAB/IAeTCA MK CO 3HaueHHem 47,1, 
ITBEYAIONLH MpOTOHY pv OKHCHOM Kobe. 3Havenua 65,4 4 62,4 oTBedaioT rem 
[MMETHJIbHBIM TpyinaM, JHHHaA 60,5 — MeTHIbHOMy pafMKasly TIpH OKHCHOM 
{Ollblle, MMK 50,9 oOycOB/eH MeTHJeHOBLIMH rpylnaMM HM MpoTOHaMH IMKsIO- 
IponaHoBoro Kosbua. J[aHHble CieKTpOB 1. M. p. OMWMKIM4eCKUX TepmeHOB Hu 
AX OKHCeM MOKA3bIBaIOT, YTO METOJOM Il. M. p. [peKpacHoO oKasbiBaeTca 
fawuve 2MOKCHAHOrO Kouba (°). 

AnvaJIM3 CieKTpoB I. M. p. OHUHKIH4eCKHX TepMeHOB H MX OKHCeH MOsBoONA- 
oT TAKKE ClelaTb HEKOTOPble 3aKJIOYeHHA OO UX KOHOpMaLHH. BpicokHe 3Ha- 
1eHHA CABMTOB MeTHJIbHBIX Ppylil TeM AMMeTHJIbHBIX Pp yMMMpOBOK OnLAKIMYe- 
*KHX TePMeHOB UH pasHble 3Ha4eHHA CABHTOB KAKO H3 STHX MCTHJIBHbIX rpynn 
yKa3bIBaloT Ha HaM4ve AMaMarHHTHOrO CABHra, KOTOPbI MpeTepmeBaeT ona 
A3 TCM JMMeTHJIbHBIX rpynm. IIpHunHol STOMy ABJIAeTCH MaTHHTHAA aHM3OTpO- 
IMA ABOMHOH cBasu. Mpynma, nonapaioulad B KOHMYeCKy!0 OOMacTb Hay MIM NOY 
IIOCKOCTHIO JBOMHOM , CBA3H, MCIbITHIBAeT [MaMarHUTHbI CABHT (JIHHUA CABH- 
“aeTCA B CTOPOHY OosbIIMX 3HaveHHH Nowa). Tak B CJly4ae G- MW B-MMHEHOB JIMUIb 
ylHa W3 TeM JMMeTHJIbHBIX py HCMbITHIBaeT WMaMarHATHbI CABur (MOpAyKa 
2—3 JeCATHMMVJIIMOHHEIX Jose OT mpHsoxwKenHoro nova (*)). Takoe cmeneHHe 
KOPOLlo CorwiacyeTca c KOHdopmauHei a- HW B-mHHeHOB (°) (cm. cbopmyant I wu II). 
Ito kacaetcn A*-KapeHa, To TOUHbIX JAHHBIX O EfO KOHPOPMALlHH He MMeeTcsA. 
3HAUMTeIbHOe OTMUMe B XHMMUCCKHX CABHTaX PeM AMMeTHJIbHBIX Ppynn (2-eqH- 
{Mllbl) YKa3bIBaeT Ha HaJIM4uHe AHaMarHUTHOrTO 9KpaHHpOBaHAA ABOMHOU CBA3H 
1a OMHy W3 Hux wu B curyuae dA*-Kapena (cm. cdopmysy III). 

CpaBHenue I. M. p. CMeKTpoB OKHCeH OMIMKMM4eCKUX TepMeHoB C cneKTpa- 
MM MCXOMHBIX OWI[MKIMYECKUX yIeBOAOPOAOB MOKAasbIBaeT, UTO B CJly4ae OKH- 


oot 


Puc. 4 
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celi XHMMYeCKHe CABHTH, OTBeYaIONHe TeM MCTHWIbHbIM rpynlaM, HMeIOT BBICO-§ 
Ke 3HaveHHA WH COXpaHAIOT pasHble 3HAUCHHA CABHa JIA KaxKOH U3 rem Me 
THJIbHBIX rpynm (63,8 Hu 59,3 qa okucH a-nMHeHa, 63,2 nu 59,6 gna oKuc 


H 
CH. a CH Hs ct: 
CH, 
\ 
(1) (i) 1) 
Q-onHex B-nuter * aS-capen 


B-mMHeHa WH 65,4 u 62,4 fun okncn A®-Kapena). Takum oOpasom, HM B} 
cmyuae OKHCel HMeIOT MeCTO AHaMarHUTHBle CABHIH JIA OHOH W3 TeM MeTHJIb- 
HbIX Ppynu. OueBu AHO, AHaAMaPHUTHbI CBHI B ITOM CTy4ae OOYCJIOBJIEH OKHCHBIM 
KOJIbIOM H MOKeT aTb yKa3aHve Ha KOHOpMallMIo OKHCeH OUMMMKIMYeECKHX 
TepmeHoB. | 
Hamu Obi H3y4eHbI TAKKE M1. M. Pp. 
CleKTpbI JByX CNMpTOB OMAK IM4YeCKO- 
"sro psga. CnekTp TpaHc-mHHOKapBeo.a | 
mipefctapneH Ha pHc. 4, OH UmeeTe 
culemyiciive 3HaveHHA XMMMYECKHX CBU- & 
roB: 23,1 (1); 25,5 (1); 29,5 (1); 36,4 (1); & 
51,7; 60,3 (8) u 66,2 (3). SHaueHua 
23,1 nu 25,5, oveBHaHO, NpHHasexaT 


CH Hy - CH 3 Ch, MeTHJICHOFOM rpynnle CeMALMKIMYeCKON 
ee 4 *cpa3nH, caBur 29,5 — npoToHy rufpo- 

\{ - KCHJIbHOH rpynnbl, YTO NOKasaHo MpH- | 
O GaBueHvem K OOpasily MeTHJIOBOrO Cnup- 

ta. Capur 36,4 npHnaqviexuT mpoTony | 


OKHce f-nnHeHa pu yruiepoye, C KOTOPHIM CBA3aHa TH]- & 
BSaHMOACACTBHE HeT B3aMMOMeACTSHA pOKCHJIbHaA rpynna. TlocmeqHee BbITe- & 


KaeT H3 CpaBHe- 


OKHCh @-nHHeHa 


B3aHMOMeCACTBHE HeT B3aHMOReACTBHA 


Hg 


CH, 


“f 
/ 


' 
vw 


t 
10) 


CH, 


--OH 


HHA Cc JHTepa- 
TYPHBIMH = aH- 
HbIMH aHaglorHy- 
HBIX 
Bok (°). Bnuxd1 ,7 


rpynnupo- & 


CH, 
oxucs A°-Kapena 


(IV) H 


mpaHC-NUHOK aps coa 


BHOCAT  BKJIajL 
IIpOTOHLI MeTH- 
JICHHEIX rpynn v 
MPOTOHBI NH1eaHOBoro MocTHKa. JIMHHM NorsouleHHA Co 3Ha¥eHUsMH 60,3 u 66,2 
OTBEYalOT METHJIbBHBIM IPpOTOH@M TeM J\MMeTHJIbHOH rpynnuposku. VV B 9sToM 
cayyae OfHa M3 MECTHJIbHBIX py wMMeeT JMaMarHHTHbI cyBur (cm. cbopmy- 
ay IV). Cnexrp cemuuuKauueckoro KapeHosa cocTouT H3 PA3MBITHIX JIMHHH, 
OSTOMY OH AO KOHUa He Obl NpoaHaH3upoBan. 


63a MOAeACTBHE HeT B3aHMORCACTBHA 
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Hornzagm Akapemuu nayx CCCP 
1961. Tom 137, NM 3 


_XHMHA 
P. b. FOJTYBLLOBA 


O COCTABE H CTPYKTYPE COEXJHHEHHA THTAHA C XPOMOM 
(II pedcmaeaeno axademuxom H. H. Yepuaesuim 27 X 1960) 


_ B cBr3H C OCOObIMH PH3SHKO-XUMHYeECKHMH CBOUCTBAMH THTAaHAa H ero crvia- 
30B OHH HaXOJAT WMpOKOe NpHMeHeHHe BO MHOFHX OTpacIaX HOBOM TCXHHKH. 
JeTaibHoe HCCieqoBaHve XapakTepa B3aHMOJelCTBHS THTaHa C pa3HUHbIMH 
weTaaMH UW npuposa oOpasyiouluxcA pH ITOM (has HMeIOT 3HAUeHHe JIA H3bI- 
*KaHHA HOBLIX CNaBOB Ha THTAHOBOH OcHoBe (1~*). 

\ Jiwarpamma coctosuua cuctempt Ti—Cr wu3ysena payom apstopos (°°). 
YcTaHOB/eHO, ITO OOpasylollivecsa B CHCTeMe HeMmpepbIBHble B-TBepALIe pacTBOpbI 
‘“iTaHa C XpOMOM pacnayaioTcs HHKe JIH- 


Mu colMfyca Ha pA a3; pH 9TOM i 2 ee Te | Oo ee 
IpH Temmepatype oKouio 1350° o6pasyer- or 

"a XMMHMYeCKOe CcoesNHeHHe (pc. 1). Dro 

oeyuHeHHe uMeeT KyOuYecKyi0o, rpane- 1670 


[eHTpHpoBaHHyio peuleTKy Tuna MgCue c 
lapametpoM, paBubim a = 6,929 A (4). To = 400 
{OBOJy CocTaBa STOTO COeAHHEHHA B JIH- 
‘epaType MMeIOTCA pasHorviacHA. OHH = 1200 
\BTOPhI awoT MopmMyiy 9sTOrO coeHHe- 
(Ma, Kak TiCre (*), apyrue — Ti,Crs (°). — ggg 
B uactosmlei paOoTe nmpHBosATcA pe- 
YIbTaTbI HCCJIeOBAHHA HECKOJIbKHX CO- 
‘TaBOB CiJIaBOB THTAHA C XpOMOM, Cojlep- 
Kamux oT 1,0 no 80 Bec.% xXpoma H BKJIIO- 
lalouluX B KauyeCTBe OHO H3 chaz — 
tuMMyecKoe CoesuHeHHe. CocTaBbl H3y4eH- 
[bIX CHaBOB MpuBosATcA HMwKe. Ja 26... 40) 0 6D» BO tnbec % 
(CTAHOBJICHHA COCTaBa CcoeqMHeHHA Obl 
IpHMeHeH Hcnob3yembIH HaMH paHee Me- Puc. 1. [Ivarpamma coctosnus CHcTe- 
0, HaNpaBseHHOrO aHOMHOrO pacTBOpeHHA met Ti— Cr 
IaBOB C BBbIJeIeCHHeM B BHe HepacTBO- 
)MMOH “YaCTH XHMMGeCKOFO COEAMHEHHA H C MOCJeAYIOULHM ero aHaJIMTHYCCKHM 
@ peHTrenorpaduyeckuM H3yueHHemM. 
- Cnaappi Onin nomyyeHb civiaBsIeHHeM KOMMOHEHTOB B yroBol new * H 
8 JaJIbHeHIWeM NosBeprHyTbl TepMuYecKOH OOpaborKe. Bce cnaBbl oxaxKa- 
tcb oT 600° yo KomHaTHOH TemnepaTypbl BMecTe c neublo. PexkuM TepMH4ecKOn 
\Opa6oTKM B COOTBETCTBUH C AMarpaMMoi cocTOAHUA Obl cueqyroulMi: 
mre. 


SS ee 


~~ 


aes on 


CoctaB cnwaBa, T] pozon2KuTe IBHCCTb OT#HKHra, Vac 
Bec. % Cro npui 1200° npx 1000° npu 800° npu 600° 
10—45 4 _ 100 600 
59 4 — 200 '_ 
70 4 24 4100 — 
80 4 24 100 _ 


| [Ipurotopmenupie TaKHM OOpa3s0M CMVaBbl NOABeprascb AHOMHOMY pacTBO- 
DeHHIO TIpM yCOBMAX, OMMCaHHbIX Hamu panee (117°), Jina cnaBoB THTaHa Cc 


f * CnaBbl ObIIH H3TOTOBJeHEI H mpefxocrapientt Ham T. C. Uepxosoi. 
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XPOMOM MbI BHa¥aJi€ IIPHMeHHJIA SICKTPOMUT, mpeqwowenHp H. WU. Brox 
(}°), cocrosmuiHi u3 2 r KCNS, 10 r aumMonHow KucOTHI Ha 1200 ma MeTaHoua, 
IIpH CHJIbHOM OXJIaxK]eHHH. 

PekomeHylyemMaa aHoyHasd mioTHocTb 0,013 a/cm?, c nomMelleHveM aHojla B Me- 
WIOUeK H3 ALLeTHIIMEOJIO3HI. 

OpHeHTHpOBOUHbIe OMBbITHI, MpOBeeHHbIe HAMM C BbILIeyKa3aHHbIM 3JIeKTpO- 
JIMTOM, MOKa3aJIH, YTO Np aHOAHON mIOTHOCTH ToKa 0,013 a/cm? aHog_HBI m0- 
PpOWOK M3 HCCJIeLYeMbIX HaMH CIaBOB He BbIZemHca. TlocmeqyiouluMu onpiraMu 
ObIIO YCTAHOBJIeEHO, 4TO OCaOK 
MOXKeET BbIAeATbCA TPH TWIOT- 
HocTH 0,03 a/cm?. B 3Tom cay- 
qae Mbl MOJIYYHIH AaHOHbIe M0- 
POWIKH, B KOTOPbIX, 10 JaHHbIM 
XHMHMYeCKOrO HM peHTTeHOBCKO- 
TO aHaJIH30B, OblwIo OOHapy2xe- 
HO coesquHeHue TiCre. 

B pesybTate HcceqOBaHHA 
HaMH Obl mpeiowKeH HOBbIH 
COCTaB QJIEKTPOJHTa Jin H30- 
JMpoBaHHa coequHeHHa TiCre2 
M3 CilaBOB THTaHa C, XpOMOM. 
CoctaB 9ieKTpomuTa: 5 Mil 
HCl (1,19), 3 r sutapHow Kuc- 
notpt, 1000 ma mMeTusoBoro 


cnupta (14). QeKkTpowuT He Tpe- 
Puce. 2. Cxema H3MepeHHA SJIEKTPOAHbIX MOTeHILMAJIOB 6yeT iIpeyBapHTebHOrO oxsa-_ 


o6pasia civiapa (aHofa) nO “KOMMeHCalLMOHHOM 
eae ee : *KICHHA, a TakKrKe OXJIaAKTeHHA 


B Tpotecce 3eKTPOH3a, UT 
ABIAeTCA OObINHM TpeHM 

IleCTBOM MIpeAiaraemoro MeTONa; IPH STOM HCHOMb3OBAHbI MeLIOUKH U3 KaJIbKH, 
BeCbMa yOOHbIe B Mpolecce aHOMHOrO paCTBopeHHA B KHCJIOM IVIeEKTPOMHTE. 
QNEKTPOJUT MO3BOJACT BLILEIATh METAJJIM4eCKoe COeMHEHHe U3 CHIaBOB C 6O/Ib- 
WMM cojepxaHvem xpoma. Jia BEIOOpa ONTHMaIbHOrO cocTaBa 31eKTpoMUTa 
HaMH ObIIH MpOBeeHbl OMBITbI H3MepeHHA 
aHOMHbIX MOTeHLWMAIOB cnviaBa, O1M3KOrO n0)— #6 
cBoemy cocTaBy K 4HcToMy coequHeHuIO TiCre 
WM cofepxautero 70 Bec.% Cr. VU3mepenne 
TIPOBOJWIOCb MO OTHOWeHHIO K HaCbIIIeHHO- 
My KasloMesleBomy 3u1eKTpofy (11%) komnex- 
CallHOHHbIM MeTOOM (pHc. 2). V3mepenua 
IpOBOAHJIHCb B MOMeHT MOrpy2KeHHA H 3aTeM 
yepe3 onpeeleHHble HHTepBaJbl BpeMeHH. 
Tlepe KaKJbIM H3MepeHHeM NOBepXHOCTb hs 
cmlaBa-3IeKTpofa WIHPOBalacb HW MpoOMbI- 5 AO ED AD 10 ee 
BajlaCb CMHpToM. Se 

Kak BHHO M3 OMyYeHHEIX 3HaveHHH Puc. 3. 3uayenne seKTpogHEIx_mo- 
(puc. 3), AHOMHEI NOTeHWMa BO BCex HCHBI- 70%). 2 ere is fats BSS os 
TAHHBIX QICKTPOJIMTaX yCTaHaBJIMBaeTCH cpa- 7” y 
3y MW ocTaeTcH CTaSHbHBIM, 4TO eee ae ioantanl Peon ic a 
“KLaeTCA XApaKTepOM KPHBOH aHOAHOH nomA- tponut II; JI —aanextpoaut I; 
Pusan, CHATOH B Mpowecce aHoguoro pac- IV — snextponut ITT 
TBOpeHua cnviaBa. Hamu Onli mpoBeseHsi R 
ONBITbI TO H3y4eHHIO paCTBOPHMOCTH AHOMHOTO MOpoKa, coxepxKalllero 4H- 
ctylo da3y TiCre (cnmaB 20% Cr) B npefqaraemom 2meKTpomute. MuxKpo- |) 
XHMMUeCKHM aHaH3 SeKTpOAUTa Obl MpoBeweH uepes 30 muH., 60 mun., | 
1,5 uaca u 24 yaca mocme Hayaa pacTBopeHa aHosHoro nopourKka mpH ¢ = 21.8 
B uccsieqyembix pacrBopax Ti u Cr ne Opiiu oOHapyxeHEI. AHaOrMaHble ONbITEI 
ObIIH MpOBeeHbI C AHOAOM M3 M3MeubYeHHOrO crviaBa (Cr 65%), OnH3KOrO 10 


9 
594 


T= 


K cmamee P. B. Toay6yosott, cmp. 594 


Puc. 4, PexntresorpamMa crJlapa 


K cmamee T. B. 3dopuxa, [. A. Cudopenxo u A. B. Beixoeoti, cmp. 681 


Puc. |. Jle6aerpamma kanbunpTuta (Fe kaB; 2R = 57,3 mm) 


am 
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: Ta6nuna 4 


e3y JbTATEI MMKPOXHMMYeCKOrO aHaJI3a AHOMHbIX MOPOMIKOB, MOJIyYeHHBIX B pa3JIM4HBbIX 
eKTpOMHTax (MposomMKUTeNbHOCTh onbita 1,5 yaca; nuioTHOcTh ToKa 0,1 a/cm?, uccaeny- 
: eMbIM THTAHOBLIM cnwaB cosepxKuT 20% Cr) 


1 


HaftigzeHo B aHOZHOM HajiqeHo B aHO,HOM 
qleKT- nopoulke, Bec. % Cymma Cr |cr-: Ti, nopomke, Bec, % Cymma Cr| c,.7j, | Coctas 
Sonur | 7 | ¥ Ti, Bec. | pec, » Ti, aa. at. % coequ- 
D ’ % 0 7 . % * 7 | yennit 
Cr Ti Cr Ti 
I 68,63 lyon 100,00 66,83 Es ope it 100,00 | 2,01 | TiCre 


100,00 |) 1,99° | DiGrs 


Z 
I 68 ,37 31,64 99,98 | 2 
2 100,00 | 1,99 | TiCr, 


18 1 
16 | 66,65 33,9 
Ill 68,34 31,09 99,93 16 4 


66,58 30, 


Wipumewannue. Onexrponut I: 3 ma HSO, (Konu.), 1000 ma MeTusoporo cnupta, 3 r acKkop6u- 
OBOM KUCNOTHI. SnextponuT II: 3 ma H,SO, (Kony.), 1000 Ma MeTHmoBoro cnupta, 3r AHTAapHOH KUC- 
OTH. DuexTpomuT III: 5 ma HCl (1,19), 1000 ma Merunosporo cnupta, 3 r CaNMHMH OBO KUCOTHI, 


; Taowe masa 


MIM AH Me NJIOTHOCTH TOKa Ha aHOWHOe BbieeHve dasbt TiCra (mpoxomKuTembHOCTb oMbita 
oy 1,5 uaca; cnmaB cofepaut 20 Bec. % Cr) 


; Hafigeno, Bec. % 


66,75 | 33,25 | 100,00 | 2,00 
1 


0,10* 0,0118 68,27.| 34,65 99),92 66,51 | 33,48 | 99,96 


TinotHoct Bec co6paHuHo- Hapneee, £0) 56 

2 
Pee. aves ro mopouixa, Fr cr Ti cyMMa Cr | Ti | cyMMa Gre i 
® 0,03 0,0102 68, 29 aero, 99,84 66,59 33,40 | 99,99 Poo 
® 0,05 0 ,0098 68 , 64 31,49 100,13 


* Buixoy da3sbl coctaBssaer 16,18 Bec. %. 


(ocTaBy K coef\uHeHMIo TiCrz. CnaB aHOMHO He pacTBOpHsICA B JaHHOM 9JIeKT- 
iOMTe, YTO yKa3bIBaeT Ha BbICOKYIO H3OMpaTeIbHOCTh IeKTPOJHTA. 

OMbITbI, HOCTaBJIeHHbIe B ApPyrHX WIeCKTPOMTAX, TaK2Ke NOKa3aHM yOBMeT- 
(OpuTeibHbIe MH XOpOuUIO BOCHpOuSBOsMMbIe pesysbTaTH! (Tabn. 1). 
_ Bo Bcex oMmbiTax OTHOLIeHHe CofepxKaHHA XpoMa K THTAHY COOTBeTCTBYeT TeO- 
eTHueCKOMy 3Ha¥eHMIO, paBHomy 2,0 (aT.%) usu 2,17 (Bec.%). 
' CnenvasbHo NOcTaBIeHHbIe OMbITb! NO H3yYeHHIO BIIMAHHA AaHOMHOH MVIOT- 
OCTH.TOKa \TaO. 2) Ha pacTBopeHue ca3bi TiCre mokasaJIH, 4TO AaHOAHAaA MVIOT- 
OCTb TOKa B npefenax 0,03—0,1 a/cm? aBaaeTca OnTHMaJIbHOM. Bo Bcex onbI- 
ax Ha aHojle oOpa3yetca B Buse HepacTBOpHMol YacTH CoequHeHHe TiCr2 cTexHo- 
leTpwueckoro cocTaBa. CoctaB 3ekTpomutTa: Sma HCl (1,19), 3r sanrapyon 
HcnoTbI, 1000 mi mMetaHoua. 

Baio WpoBeseHo aHOfHOe pacTBOpeHHe THTAHOBEIX CIIIaBOB C CosepxKaHHeM 
jpoma (1,0—80%). B Haummx onpitax oOmlHii oObeM SuIeEKTpOIMTa CocTaBIAN 

O ma. [Ipofom«utenbuocth onpita 1,5 uaca. Ilocuie okOHUaHHA PacTBOpeHHA 
HOMHBIA OcahoK CU4MUaicHd, WeHTpudpyrupoBasica, 3aTeM MpOMbIBayICA MIpH 
CHTPUPyrMpoBaHuA TPKE AMCTHWIMPpOBaHHOH BOLO M ABaxkbl CIHpTOM 
[pH AecKantayun. Iloce wexTpHpyrMpoBaHHA BbICYWIMBaHHe WeHTpopyKHoH 
poOHpKH C aHOJHBIM OCAAKOM MPOMSBOAMNIOCh B TOKE BOfOposa, B WIMpoKoL 
(BapleBow npoOupKe, momelleHHOK B MacuiaHyi10 Santo, pu 160°. Ilo nocruxe- 
‘WM 9TOM TemMMepaTypbl HarpeBaHHe MpeKpallaiu, HO MposoKaNM MponycKa- 
Me Bofopofa B TeyeHve 3 yac. BpicywieHHbIM NOpOWOK aHaM3HpoBasM MAK- 
(OXMMH4YeCKHM M peHTreHorpacdHyeckKuM MeTOfamMu. CocTaB 93/IeKTpomuTa: 
+ oma HCl (1,19), 3 r sntapHot KucnoTst, 1000 Ma meTHnoBoro cnupta 
‘a6. 3). ; 
Jina MUKpoxvMu4ecKoro aHasiu3a aHOAHOrO MOpOUlKa Ha COsepxKaHHe xpoma 
UTaHa B3BelIMBaIM Ha MAKpoBecax HaBecky 0,005 r u pacrBopauu ee B H2SOa. 
I : 2), okucasnu HNOs (1,40) 4 qBaxKAbl BEINapMBasIM Jo NapoB CepHOK KuCuO- 
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Ta6Oauna 3 


PesyJIbTaTbl MHKPOXHMHYeCKOTO aHaJIH3a AHOJHBIX MOPOLIKOB 
(poqoKUTebHOCT oMbITa 1,5 4yaca; MOTHOCTb ToKa 0,1 a/cm?) 


Conepxa- Hatizeno B Hafizeno B 


Copep2ka- | pue Crs aHOJHOM M0-. OrHo- | aHOfHOM no- OruHo- PesyabtTaTbl § 
Hue Cr B | cnnape no} pomke, Bec. % Cymma] wenve| pomxKe, Bec. % CymMa | enue | pentrenos- | 
cnwiaBbe 10 | xum. ana- Cru Ti! Cp : Ti, Cru Ti, |C;: Ti, cKoro 
ey nusy, |—————> | Bee: %| sec. %|——| — _] 47- % | ar. % | anannsate® 
Bette] | pec % Va cool) Pat cr | Ti 
1,0 0,95 68,35 | 31,81 | 100,17] 2,15 66,15 | 33,85 | 100,00 1,95 TiCr, 
2,0. 2,12 68,07 7 at,22 99,99 | 2,19 66,96 | 33,05 | 100,01 2,04 TiC 
10,00 * 10,12 68,53 | 31,38 99,91 BAT 66,86 | 33,14 | 100,00 2,010 TiCrs 
15,50 15.65 68,45 | 31,60 | 100,05 |} 2,16 66,61 33,39 | 100,00 1,994 TiCr. 
17,50 Wey | 68,42. | 34,55 99°97 4) 2,16 66,63 | 33,36 99,99 1,997 TiCr, 
20,00 ** 19,89 68,61 31,43 | 100,04 | 2,18 66,78 | 33,24 99,99 2,010 TiCr, TiGrs 
30,0 30,22 68,45 | 31,48 99,93) 2,17 66,70 | 33,30 | 100,00 2,000 TiCr, 
45,0 45,0 68,38 | 31,56 99,94 | 2,16 66,62 | 33,37 99,99 2,000 TiCrs - 
65,0 64,8 68,80 | 31,33 | 100,13} 2,19 66,59 | 33,41 | 100,00 1,99 TiCr, 
70,0 69,52 68,34 | 31,52 99,86 | 2,16 66,60 33,40 | 100,00 1,96 TiCr. 
80,00 79,68 68,45 | 31,64 | 100,09 | 2,16 66,48 | 33,41 99,89 1,990 TiCr, 


* Buixog gasp 16,72%.) 
** Boixon asp 16,88%. 
*** PenTreHoBCKHH aHalH3 npopegzeH.B WWHAMTMAID. 


C MOCJeLYIOULHM KOJIOPHMeTPHYeCKHM OKOHYAHHeEM aHAaJIH3aC TepeKHCbIO BO- 
jopoga. Onpefeenve xpoma mpoBosusocb H3 OTJeubHOM HaBeckH 0,01 Tr, 6e3}) 
OTJeNeHHA THTAHa pH pacTBopeHHuH B HeSOs, (1 : 6) mo onucaHHol MeToguKe (14). 

V3 Wanupix Ta6n. 3 BUAHO, 4TO B CrvlaBax, cofepxamHx oT 1,0 go 80% Cr, | 
TIpH AHOJHOM HX pacTBOpeHHH BbIesAeTCA MeTamIM4eCKOe coesqHHeHHe TiCre |} 
CT€XHOMETpHyecKOoroO COCcTAaBa. 

Pe3yJIbTaTbI Pe€HTTeEHOBCKOrO aHasH3a* (pc. 4) nosTBep»xar0T HaHune |) 
cbaspr TiCre (cnmaB cogepxutT 20% Cr). MatTepvambHo-xuMHuecKHH Oana |} 
MpOAYKTOB IICKTPOMH3a MO OTHOLMIeHHIO K YObIIM BeCa AHOa: NJIOTHOCTh TOKA 
0,1 a/cm?, snextpomut 5 ma HCl (1,19), 3 r sntapHot KucnoTH, 1000 ma metH- } 
oBoro ciupta. Bec cyxoro aHogHoro nopouwKa 0,0406 r. Halizeno B 3eKT= 
pouuTe nocie BbigeneHua cbaspi: Ti 0,1750 r, Cr 0,0167 r, scero 0,2323.) 
Y6blIb B Bece aHoga 0,2399 r. i 

I]popegennoe. ucceqOBaHHe psa COCTABOB CIWIaBOB THTaHa C XPOMOM C Co- | 
yep2anvem xpoma 1,00—80% noka3aj0 HamHune B cnwaBax MeTasM4eCKOrO } 
coequHeHnua TiCre. | 


Wucrutyt metamyprun um. A. A. Baiixopa Tlocrynuaio 
Akajiemun Hayk CCCP 30 1X 1960 
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Jloxnxagn Akayemun nayr CCCP 
1961. Tom 137, Ne 3 


XHMHA 


Akayemuk A. A. FPHHBEPT, M. H. TEJIb®MAH, E. H. HHbKOBA, 
iu Tl. A. WIAPHCYJITAHOBA 


0 HAJIMUHH OBMEHA ME)KAY’ OBJIYYUEHHOKW METAJIJIM4UECKON 
NJIATHHOM WH KOMMJIEKCHbIMH HOHAMM JBYXBAJIEHTHO 
_TMJIATHHbI B BOJHbIX PACTBOPAX 


Kax Ono noKa3aHo AByMsA u3 Hac (1), Np H3MepeHHu NOTeHUMaOB naTH- 
HOBOrO 3JIeKTpofa B pacTBOpaX KOMMJICKCHBIX COeMHeHHH JByXBaJIeHTHOM 
HaTHHb!, WATMHHOBbIM SIeKTpo BefxeT ceOA He Kak MHAMdepeHTHI, a KaK 
SNIEKTPOR, pearHpyroulMi Ha KOHILeHTpaMio MoHoB Pt**, JlerabHbit MexaHu3M 
COOTBETCTBYIONLErO BSAMMOJeHCTBHA He YCTaHOBJeH, HO OblIO BbICKa3aHO Mpel- 
MOO0x%KeHHe, YTO HMeeT MECTO OOMEH IJIaTHHOM Mex Ly 9eEKTpOAOM HM KOMMJIeKC- 
HBIMM WoOHaMH (°). 

Jia mpoBepKH STOrO NpesNoO*KeHHA UM OBWIM MOCTaBJIeHbI Jaee OMHCbIBae- 
MBIe ONbITH. OOyuYeHHad waTHHa, CofepxKajad usoTon Pt!*’, Gia B cbopmMe 
ByX KYCKOB 2KecTH, Becom OKovIO 0,3 Fr KaxKAbIH, OOMlad AKTHBHOCTb KaxKOrO 
‘oOpasya oKoNO 2,5 m Cu. CoortsBetcTByroulve Nopunn OOTy4eHHOrO MeTavisa ObI- 
JIM TOCJIe NPOMBIBAHHA BOOK norpyxKeHE! B50 ma 1 M pactBopa KCl (a) 4 50 ma 
1 M pacrsopa KCl, cogepxamero 0,45 r xnoponmaTuHuta Ke [PtCla] (6). Pac- 
‘TBOPHI C MaTHHOM B30aJITLIBAJIHCb B TeveHHe 2 uac. Ilo okOHYaAHHH B3GaJITLIBAHHA 
oTO6Upaucb MpoOb! pacTBopoB no 20 MJ HM MpoMepssMCcb B CHelMaIbHbIX COcy- 
giukax Ha §$-cueTauKe Tuna AC-1. 

B cay4ae pactBopa KCl B pactsop nepemo 190 umn/muH, a B Cay4ae pac- 

TBOpa, CofepxKaulero KelPtCla], 565 umn/muH cBepx cpoHa. OTH pacTBopHt OpI- 
JM HCHOMb30BaHbI JIA OWCHKH BeIMYHH MepHoa nosypacnaya Metassa, mepe- 
mesuiero B pacTBop. JIA pactBopa (a) JaHHad BemMunHAa O1M3Ka K 25 yac.*, 
a Jia pactBopa (6) — k 20 uac. Tepnog nonypacnaga ya Pt!’ no mutepatyp- 
HbIM J@HHbIM cocTaBsiseT 18 aac. SaTem Oblvio NposouKeHO B3Oa/ITHIBAHHe M1a- 
THHOBOH 2KECTH B TeX 2Ke pacTBopax. B3OaITbIBaHHe B pacTBope (a) mposouKa- 
Noch eile B TeveHHe 3 4ac., a B pacTBope (6) — B Teuenuve 2 yac. B pactBope KCl 
Opiio HaligeHo 290 umn/MuH, a B pacTBope, Cosep2KallleM MlaTHHUT, 726 uMn/MUH. 
Bce wHdpbt npuBeyenbl KO BpeMeHH Hauyava OTIbITA. 
_ PactBop c Ke[PtCl4] mocne okonyaHua moBTopHoro B30asTHIBAaHHA Obl 
OcaxK]leH H36bITOUHLIM KOJIM¥eCTBOM XJIopHfa | ocHoBaHua Pelize [Pt(NHs)a4]Cle. 
Bpinapiaa 3eneHaa comb Maruyca Oplia oTPpHIbTpOBaHa, MpOMbITa CIMpTOM H 
adupoM HM pacTBopeHa pH HarpeBaHHH B pactBope KOH. AxkTuBuoctb pacTBopa 
cou Marnyca, a Take (PUJIbTpaTa OT Hee C MPOMbIBHbIMH %KHAKOCTAMH Opla H3- 
MepeHa, Kak yKa3aHo Blue. I]pH sToM Ob MOy4eHbI CefyioulMe JaHHble: 
'B pacTBope comm Marnyca 545 umn/MuH, a B cpuuIbTpate 262 umn/muH. Cyma H3- 
MepeHHBIX AKTHBHOCTeH B Mpeyemax OWHOKH H3MepeHHH yOBeETBOPUTeMbHO 
coBnafaeT C BeJIMYHHOM AKTHBHOCTH MCxXOfHOrO pacTBopa. 

Jina pactBopexusa’comu Maruyca B we04un ObluIo MpoBeseHo onpesemenve 
nepvofa novlypacnaya, KOTOpbI OKasajicH MpaKTH¥eCKH COBMaLaiOulHM C JIH- 
TepaTypHbIMH jaHHbIMH (18 4ac.). 

OT ONbIT MOKa3bIBaeT, UTO IpHMepHo ?/s BCeH MepemlepmMel B pacTBOp Ia- 
THHbI HaXOMMs0cb B cope, ocaxkaemoit vonom [Pt(NHs)a]?*. Tor @axt, uto 
YACTb IJIATHHBI He Ocela B Bue commu Maruyca, MO*KeT OODACHATDCA TeM, 4TO 
B miponecce B3aHMOelCTBHA IJIaTHHOBOM xKeCTH C HAlIHM pacTBopoM oOpas3y- 


___* HeckospkKo 3aBbileHHoe 3HaveHHe MepHoa noulypacnaga WlaTHHbI, HalifeHHOe B pacTBope 

KCl, Bo3MoxHo, OObACHAeTCA CeaMH pasvoakTHBHOrO H30TOMA 300Ta,Aul*®, npucyTcTBy1oulero 
KauecTBe MpHMecH. 
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FOTCA He TObKO HOHE! [PtCla]*”, Ho u PSKAPOBHE Apyrue cbopMpl, He ocaxKyae 
Mble TeTpaMMHHOM, Hanpumep [PtCle(He0)e]. 
Criel{HaJIbHBIMH OMbITaMH C Me4YeHHBIM Mo niaTHHe Ke[PtCla] Optio noKasaHo, 
4TO B Tipoiecce OOpa3s0BaHHA HW pasJioKeHHA 3eleHOK comH Marnyca oOmena 
WeHTpaJIbHbBIMH “AaTOMaMH He mpoucxoyuT. M3 pactBopa, cofepxxamero 0,14 
Ke[PtCla], axTuBHoro mo naatTuHe (Pt!®’), ocaaxganacb comb Maruyca. 0,2 
MocleqHeH TWATebHO NepeTHpaslocb B CTyMKe, Mocye Yero OHA OCTABMAACE 
B TeMHOTe Ha JWIHTeIbHOe Bpema. Ilo uctreuenuu 18 uac. comb Maruyca 
pasnaraiacb pacTBopom 0,113 r AgNOs. Ocagox Age[Pt!**Cla] otdunstpo 
BbIBAJICA, THLATeIbHO MPOMbIBaJICA BOZOK. DUMbTpaT HW MpOMbIBHbIe BOB 
usMepsIMCh Ha B-cueTunKe. Vsmepenua MoKasaIH, YTO BCe MCXOMHOe KOJI 
YeCTBO AKTHBHOM NaTHHbI cocpesoToueHo B MoHe [PtCla]?”, T. e. oOmenal 
WeHTpaJIbHBIMH aTOoMamH Mexkyy [Pt (NHs)4]?* uw [PtCla]*” He mponcxoynt. 
Tlocse OKOHUAHMA NOBTOpHOrO B3G6aJITLIBAHHA TIaTHHOBOM 2KeCTH C PpacTBO 
pom KCl nuaTwHoBaa xKecTb Oba TULaTebHO MpOMbITa JMCTHIMpOBaHHoOu 
BOOK HM norpyxeHa B 50 ma 0,05 M pactBopa ammuaka, cogeprKauero 0,2 
TeTpamMuHMaToxsopugza [Pt(NHs)4]Cle u 3,8 r NaNOs (pactsop 8B). B36anTBI-} 
‘BaHHe MpofouxKasocb B TeueHve 2 vac. B pactBop nepemino 153 umn/mun. Tlocey 
NOBTOPHOrO B3GaJITHIBAHHA B TeyeHHe 3,5 vaca BeIMYHHA AKTHBHOCTH JOCTHIaw 
336 umn/MHH. SaTemM pacTBop OblJI OT{eeH OT NWaTHHbI HW OCcaxKeH H3ObITKOM#! 
Ke[PtCla]. Tlonyuenuan comb Marnyca, Kak H B pefbifzyuiem cry4ae, Oba pac-# 
TBOpeHa B ropsuem pacTBope KOH. Axtupuoctb mesounoro pacTBopa couHe 
Maruyca oka3aviacb paBHoi 159 umn/MuH, a AKTHBHOCTb (~ubTpata 121 umn/MuH. 
C yyeToM MaJIbIX BeEIHUHH AKTHBHOCTH Gaatic HB JIaHHOM Cylydae CuleqyerT Cun: i 
TaTb YOBMETBOPUTeIbHEIM. M3 stTorO oOnbITa CHefyeT, YTO OKOMO NOMOBUHELY 
Bceii lepemieymeli B pacTBOp TWaTHHbI HAXO{MOCb B Pope HonoB [Pt(NHs)4]”*. 
Tem CaMbIM KOHCTaTHpOBaHO, 4TO H3 MeTAaJIMYeCKON MAaTHHbI JeHCTBUTebHO } 
o6pa3yloTcaA WOHBI yKa3aHHOrTO cocTaBa. OpHeHTHpOBOUHEIN nofcueT moKasbl-# 
BaeT, 4YTO KOJIHMUECTBO MJIATHHbI, NepexoAMBUee B pacTBOp B Hallux ax, 
Opiio nopsanKa 10°* r. Tor cat, To nponecc o6pasopanusa voHoB [PtClal?- u} 
[Pt(NHs)a]?* B omucaHHBIX yCOBMAX HE Ie MOMHOCTHIO, NpecTaBlaeTca ecTe- ji 
CTB€HHBIM, TaK KaK K HOHY Pt** Ha MOBepXHOCTH AECTH MOTYT MpHCoeHHUTECA | 
He TONbKO HoHBI Cl u MomeKyabt NHs, Ho H MosmeKysbI pacTBopuTeia. Bosmox- 
HO, 4TO eC Obl BMecTo KCl 6pia B3ATAa COAHAA KUCMOTA WIM CJM Obl KOHUEH- | 
TpaluHA aMMHaKa OpiJia BIe, TO CTeneHb OOpasoBaHua HoHOB [PtCla]? u coot-} 
BeTcTBeHHO [Pt(NHs)4]?* Opita Obi ene Gombe. PacTBOpbI, KOTOpbIe Mbl IpHMe- } 
HAJIM B 9THX OMbITAX, COOTBETCTBOBAIH pacTBOpaM MIpH H3MepeHHAX NOTeHILHa- ¥ 
JIOB TJIaTHHOBbIX 3JIeEKTpOpoB (2?). 
PesyJIbTaTbI HaIMX OMBITOB, B COBOKYIMHOCTH C JaHHbIMH WMTHpyeMbIxX pa- | 
OoT, CBHJETeILCTBYIOT O TOM, UTO B ONHCAHHBIX YCIOBHAX JeHCTBUTeEMbHO HMedL } 
MeCTO OOMEH Mey MaTHHOBOM 2%KecTbIO HM voHamu [PtCla]?” u [Pt (NHs)a]?*. fi 
‘Ito KacaeTca MeXaHH3Ma STOO OOMeHA, TO OMHMM M3 BOSMOXKHBIX MyTel ero 
ABACTCA Tpouecc TaKorO THMa, KOTOPbI MpHBeseH HaMH B npespiAyulen pa6o- } 
te (*). B cayuae 1iaTHHHTHBIX CHCTeM MOXKHO TakxxKe MpeACTaBUTb, YTO » 0OMeH | 
ufeT Oularofapa B3avMojelicTBMIO c MeTanMuecKOl nuaTMHo niaTMHuTa, 
oOpasyrollerocsa B pacTBope B Npomlecce AMCIpONOpLMOHMpOBaHHs NaTHHUTA. § 
Mot oTyaem ce6e oT4eT B TOM, YTO B Mpolecce OOyYeHHA MeTaNMM4eCKOH ma- | 
THHbI MOPIO MpOWCXOAMTb U3MeHeHHe XapakTepa MOBepXHOCTHOFO COA HU, B | 
4YaCTHOCTH, OOpa3s0BaHHe MOBepXHOCTHHIX OKHCJIOB. OMHAKO H M3MepeHHe M0- | 
TeHI[MaJIOB B YIOMAHYTEIX paCTBOPaX MpoOv3BOLHOCb C TJaTHHHpOBaHHbIM | 
QJIEKTPOJOM, T. €. B YCJOBHAX HaJIMYHA AKTHBHOH MOBepXHOCTH. 
B JjaJibHeHIIeM MBI MpeANoOaraeM MOCTABMTh OMBITHI WIA BLIACHEHMA Haas | 
oOMeHa Cc OGNyYeHHOM MaTHHOM, MpeyqBapuTebHO NOABeprHyTOM BOCCTaHOBIe= | 
HHO. | 
Tloctynuuio 


3 1 1961 

LMTHPOBAHHAS JIMUTEPATYPA a 

1A. A.Tpuu6epr, M.H.Tenapgman, JAH, 183, Ne 5 (1960). 7 A. Alm 
[Tpuu6epr, M.W.Teapngman, JAH, 137, Ne 1 (1961). ry 
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H. B. FTPYM-rP)KHMAHJIO, H. H. KOPHHJIOB, E. H. MbIJIAEBA 
u M. A. BOJIKOBA 


METAJIJIMUECKHE COEJWHHEHUSA B OBJIACTH o-TBEPJbIX 
PACTBOPOB CHCTEMbI THTAH — AJIFOMMHUA 


(ITpedcmaeaeno axademuxom H. H. Yepuaesoim 27 X £1960) 


B pesysbTaTe MccleqoBaHuA MHOrHX aBTopoB (1°) Auarpamma cocTos- 

HMA JBOMHOM CHCTeMbl THTAH — AJIIOMHHH xXapakTepH3yeTca OOWIMpHOK oOma- 
€TbIO TBEPALIX PpacTBOPOB Ha OCHOBe a- HM B-Mos~MuKanHi THTaHa. Ilo JaHHEIM 
MHKpOCTpyKTYpHBIX H peHTreHorpaduyecKHX UCceLOBaHHii, OGACTb o&-TBepsO- 
To pacTBopa aJIOMHHMA B THTaHe pacnpocTpaHsetca oT 0 fo 25 Bec.% asoMH- 
HMA, C YyBeIHYeHHeM COJepxKaHHA AIOMHHMA TemMmepaTypa momMMopduoro 
Npespaulenua casi o — 8 noppmaeTca. CnaBbl M3 OOACTH G-TBeEpAbIX pacTBO- 
[POB XapakTepH3yl0TCA YekCaroHaJIbHOM MJIOTHOYNaKOBaHHOH PpeLlleTKOH. 
_ QOguHoppemeHHo c uccefoBaHveM AMarpaMMbl COCTOAHUA CnwaBOB THTaHAa 
( aJIOMHHHeEM HaMH MpoBosNOcb onpefeeHue UX cBOlicTB. IIpu uccehoBaHnu 
Mo3ydecTH CNNaBOB MyTeM JedopMaluu Ha H3rH6 MeTOJOM WeHTpoOexKHOK 
cust (°) OblIO ycTaHOBJeHO, 4TO B Mpefelax KOHUEHTpallH aIOMHHUA OT 7,5 
qo ec.% pe3KO BO3pacTaeT HX COMNPOTHBeHHe MOI3y4eCTH pH OJHOBpeMeH- 
HOM TIOHWXKCHHU MaCTHYHOCTH. 

Takue H3MeHeHHA CBOMCTB B OOIACTH TBEpALIX PpaCTBOPOB CiaBOB JBOHHOH 
CHcTeMbl THTAH — AJOMHHHH He NOJyaHIM OObACHeHHA OOIMHBIMA MeTOJaMH 
MeTaIorpapuyeckoro aHain3a. 

Hactosiaa paOota cTaBuuia Welbio H3y4eHHe OONACTH a-TBepforo pacTBopa 
IB CHcTemMe THTAH — AaJIIOMHHHM WM YCTAHOBJeHHe TpHposbl CyulecTByIOUIUX (pas 
MeTOJOM Hu3MepeHua appexta Xossa (7,°), B 3aBHCHMOCTH OT COCTaBa CIaBOB. 
' JJomyyenupie panee fannpie (°,1°) nokasaH, 4TO LaJibBaHOMarHUTHbIe 
acdbeKTEI CBASAHEI C COCTAaBOM pa3JIHYHBIX CIIaBOB TaKHM OOpa3soM, 4TO 
Ha JMarpamMax cocTaB — sddekT XoJa OONAPy2XKUBAaIOTCA TOUKH H3JIOMOB H 
CKaukoB. TOUKH H3JIOMOB COOTBETCTBYIOT CTEXHOMeETPpH¥eCKHM COCTABaM XHMH- 
WeCKHX COeAHHEHHH. ITO aABeHHe OODACHAeTCA TEM, YTO MPM HaJO*KeHHH Mar- 
HHTHOFO MOA MpOWCXOAMT H3MeHeHHe ICKTPOHHBIX COCTOAHH BHeWIHUX O6o- 
JIOUeK ATOMOB, 4TO OKA3bIBaAET BJIMAHHE Ha MOBeeCHHEe JICEKTPOHOB IPOBOMMO- 
CTH, BbISbIBAN H3MeHeHHe 3HaYeHHA KOHCTAHTHI Xowwia. 

TabBaHoMarHHTHBie addeKTbI HeMocpefCTBeEHHO CBASaHbI C MOBeeHHeM 
SIEKTPOHHbIX COCTABAIONLUX MepHdepHyecKHX OOOMOFeK ATOMOB, MOSTOMY C 
HX MOMOII[bIO MOXKHO BECbMa UYBCTBHTEIbHbIM OOPasoM HCCJIeEMOBaTb COCTOAHHE 
HepudepHu aTOMOB HM BbIABHTh TAKUM OOpa30M XapakTep XHMHYeCKOH CBA3H 
M@XKY pa3JIMUHbIMH ATOMAaMH MeTAJWIMYeCKUX CIIaBOB. 


IkKcHNepHUMeHTANbLHAA Ga cr b 


M3 4McTbIX MeTaJJIOB THTAHa MH aJIOMHHHA ObIJI H3FOTOBJIEH px, clwaBoB 
¢ pas JIM4HBIM CofepxKaHveM KOMNOHEHTOB (oT 0 0 40 Bec. % aJIOMHHMs)). CnaBbl 
TOTOBHJIHCb JByMA MeToyamu; 1) MeTOJOM NOPOUWIKOBOM MeTaJJIypruv, myTeM 
HpeccOBaHHA *acoHHbIxX OOpasioB, C MOCMeyIOuULMM HX CieKaHHeM B BakyyMe 
To pexkuMy 1000° — 100 uac., 800° — 50 uac., 600° — 100 uac.; 2) merojom 
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IJlaBKH B AyrOBok meu C HepacXOfyeMbIM BOJIb(ppaMOBbIM SJIEKTPOAOM C Moce 
JLYIOULMM W3PrOTOBJeHHeM OOpa3iloB AIA OnpeseseHHA KOHCTAHTHI Xosa B op 
me mviacTHH 10 x 30 x 1,5 MM uM ToKocbeMoB B dopMe TpeyrouIbHuKoB. Toko 
CbeMbI B TOUKe KOHTAKTAa C OOpaslloM HMeJIM HORKeoOpasHbI BU M MpH MOMOIL 
MHKPOMETPeHHBIX BHHTOB CKOJIb3HJIM 110 OOKOBbIM OTMOJMpOBaHHbIM MOBepx 
HOCTAM oOOpas3ila. 

Metoyuka UcibiTaHua HM ycTaHoBKa mpHOopa onucaHE! B mMTepatype (4) 
Tlonyuenupie cpeqHve 3HaueHHA H3MepeHHA KOHCTAHTHI XOMNA TIA CeYeHHBIX 
JIMTbIX CIIaBOB HM Mocse OTKUra MpescTaBeHE! B Tad. 1. 


Ta6auna 1 


CpeqeHuA 0 KOHCTaHTaM XOwMa CHeYeHHBIX, AMTbIX HM OTOXOKCHHBIX CIWaBOB 
cucrempr Ti — Al 


Kouctanta Xonna X 10-32 za cnvaBoB 


Conepxaunue Al, % a re 
cneuveHHbIx JIHTbIX JIMTbIX OTO%K KEHHbIX 
0 0 0 0 
4,36 a 0,062035 + 0,026 0 
2,0" 2B 
te a 0,223999 + 0,015 0 
Ais 
ea a 0,268054 + 0,6141 0,15434 + 0,0150 0,193491 + 0,0141 
Mle 
oe a — 0,1170503 + 0,045 0,293334 + 0,0178 
 B 
tite a - 0,2474267 + 0,185 0, 1865846 + 0,0106 
LOB 
qietk a — 0, 6823133 + 0,0120 0,51303 -+ 0,120 
0 B 
16,51 a ; 
Fran B 0,562180 0,731783 + 0,0215 0,7808003 + 0,170 
praes 
fer B _— 0,5795207 + 0,0492 1,228103 -++ 0,0714 
By dae 
12,0 B — — 0, 92553 
20,0 a 
12,5 3B 4,45879 + 0,173 _ 
20,91 a 
Hn B “= 2,10010 + 0,0180 2,080289 + 0,164 
44a 
ete B 3,43710 —- 0,170 2,33797 + 0,157 2,17404 -+0,0512 
s a 
Epa B 4,115600 + 0,187 4,40590 +0,1345 4,387189 -- 0,200 
25,10 a 
16,0 B 3,887287 + 0,228 2,70240 +0,172 2,756826 -+0,080 
2,79959 -+ 0,132 
2, 554097 
26,62 a -- 
a7,00 
28,07 a 
Vi5b) Ss 2,8075 + 0,0871 2,86689 -+ 0,178 
30,83 a af 
a B 2,63763 + 0,0162 2,755197 + 0,0244 
39 a 
orgie B 2,4460 + 0,0266 — 2,218308 -++ 0,0836 
,05 a 
mae B 2,102906 + 0,043 2,13844980 + 0,310 2,161103 + 0,0153 
,68 a 
DRO 5) 2,391420 + 0,220 
35,95 a 
24,0 B 2,27879 + 0,0719 
38,72 a 
26,0 B 2,71220 + 0,208 
39,68 a 
27,5: 1B 1,506357 + 0,02614 
2A Adie 
30,0 B 0,745089 + 0,0264 
46,16 a 
33,0 B — 0,3479517 -+ 0,103 
50,00 a 
36,0 B 0,3035150 + 0,154 
51,53 a 
38,00 B — 1,172150 -+ 0,0548 
a 
B 


— 1,183276 -t 0,167 


IlpumMeuanue. a—aTOMHble MpOueHTbI, B — BECOBbIe NMPOWeHTHI. 
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Ha puc. 1 no JanHpim Ta6n. 1 nocrpoen rpaduKk 3aBMCHMOCTH KOHCTAaHTHI 
Xovia OT cocTaBa AVIA CiaBOB, MPHFOTOBJIeHHbIX M3 MOpOUIKOBOrO THTAHa; 
‘Ha PHCyHKe MOXKHO BUJeTh Ba CKAYKOOOPAa3HbIX Mepexoa C OMHOFO JIMHEHO- 
fO M3MeHeHHA KOHCTaHTbI Xova Ha Apyroli. Oru mepexogLl CooTBeTcTBYIWT: 
MepBpid — coetuHenuio TisAl'14,3 ar.% (9 Bec.%) amomuHUA; BTOpoli — co- 
equnenuio TisAl 25 ar.% (16 Bec.%) amtomunua. PesyibTaTel U3MepeHUA KOH- 
CraHTE! XOJMWa WA MMTbIX CNNABOB, MpelcTaBeHHble B TAG. 1 Hu Ha puc. 1, 
He HMCIOT NPHHUMMMAIbHbIX OTJMUNH OT Pe3yJbTATOB HCCJIeEMOBaHHA CHeYCHHBIX 
cmiaBoB (puc. 1). 

Coequnenua TisAl u TisAl, Brinpiennpie Ha cneveHHbIX CnaBax, NOLTBeEpx- 
(aioTcaA MCCuIeqoBaHveM H3MeHeEHHA KOHCTAHTbI XoOa OT COCTaBa Ha JIMTbIXx 
cnapax. JIMTHe cnaBbl Nocme usMepeHua sddbexra Xowvia aA LocrwKenus 


60.18 -CM 10 12 
gplim-amn 


o-Mumele 
9 OMOWHKEHHBIE 
e -ENeVeKHbIE 


ee ee 7 


Konemarma Xonsa 
Ps 


} 


PaBHOBecHA Obl NOMBeprHyTbl FOMOreHH3aHOHHOMYy oTKUry mpH YOO” — 
200 uac., 800° — 300 uac., 600° — 350 yac. 

' Pe3ybTaTbI U3MepeHHA KOHCTAHTHI XOJIA OTOKXKCHHBIX CIIaBOB ’ IpHBe-' 
eHub B TaO. 1 w Ha pwc. 1. M3meHenus KOHCTAHTHI XOJJIa C COCTABOM JIA OTOX- 
*KEHHbIX CIMIABOB CHCTeMbI THTAH — AJIIOMHHHM HMeIOT aHaJIOrH4YHBIH XapakTep 
CO CNeYCHHBIMH HM JIMTbIMM CiwiaBaMH. CKauku H3JIOMOB HaGOLalOTCA Ha TeX 2%Ke 
CTEXHOMETPHYUeCCKHX COCTaBaX COeIMHEHHM Kak JIA CNe4YeHHbIX, TAK HW JIA JIH- 
TbIX CIJIABOB. 

_ Orpannuennad o6sacTb a-TBepAbIX paCTBOPOB IPH HaJIM4HH B Hel JBYX MeTaJi- 
JMUeCKUX COeIMHEHHH mmpelcTaBsAeT Oo/lbuIHe TpyAHOCTH [VIA onpeweeHun 
MOCJIEIOBATeJIbHOCTH M3MCHECHHi KOHCTAHTHI XOJWIa, TAK KaK 9TO ONpefeseHue 
TpeOyerT MoBbIMeHHOM TouHOcTH u3sMepeHHi. Ha cyulectByrouem MpHOope Opivia 
OCTHrHyTa TpeOyeMaxi TOUHOCTD. 

Jia poBepKH pesyJIbTaTOB OplviH HCC/IeLOBaHbI TPM CepHH CIaBoB, H3ro- 
TOBJICHHbIe PasJIHMUHbIMH MeTosamu. Mx oOulve pesyJIbTATb! BMOUIHE CorsacyloTes 
pyr c ApyroM, HeCMOTPA Ha HEKOTOPbIe paCXO*KMeHHA BeMMUMH aPpdekta Xowvia 
y ciiaBoB OIM3KHX MO CocTaBy, HO NPHFOTOBJICHHbIX Pa3JIMYHbIMH MeTOaMy. 

| Tpepfpie pacTBOpbI aJIOMHHUA B a4-THTAHE OTJIHUAIOTCA CJIOMHLIM XapakTe- 
POM B3aMMOJelicTBHA, B OCHOBe KOTOPOTO JI@KUT CyUleCTBOBaHHe AByX CoelHn- 
HeHHit TisAl u TisAl. Stu coeqvHeHuA, MO-BHJMMOMY, HMelOT reKCaroHavIbHy!o 
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pelleTKY, OOpasyloTcA H3 TBep/{bIX Beene H OTBeYalOT COeCAMHEHHAM THT 
KypHakosa (?%). 

Hamu Opiiu TakoxKe onpeyevieHbl 3HaveHHA Koucrants: Xowwia AJA CIWaBo 
CHCTeMbI THTAH — aJKOMHHUM M3 OONacTH y-ca3bI. Bim ucceqoBaHbl CocTaB 
CMIaBOB H3 OOacTH Y hon oTBeuaionve 46,16 at.% (33 Bec.%), 50,0 ar. 
(36,02 Bec.%), 51,53 ar.? 0 (38, 0 Bec.%) u 53, 85 ar.% (40,0 Bec.%) amtomunus 

Pe3Kuii H3JIOM Ha <puste addext Xovma — cocTaB HaGmofaeTca Ha COcTé 
Be civiaBa c 50,0 at.% (36,02 Bec.%) amOMHHHA, 4TO OTBedaeT COeAHHEHH 
TiAl, ycTaHoBeHHOMy ApyrHMH MeTO,aMH CH3HKO-XMMHMYeCKOrO aHaJH3é 

PaBHoBecHoe COCTOAHHe 3THX COeIMHEHHM HM OOaCTH MX pacmpocTpaHeHy 
Ha JMarpaMMe COCTOAHHA CHCTeMbI THTAH — aJIOMHHY 3aBHCHT OT yC/IOBHit 
KHHETHKH HX OOpa3s0BaHHA. OTH BOMpocE! TpeOy!OT AONOMHUTeMbHOTO MCCUE 
nopanusa. TossjeHHe coequHenuit TisAl, TisAl u TiAl B stoi cucTeme sBuser 
IIPHYHHOH MOBbILIGHHA %*AapONPOyHOCTH HM pes3KOrO CHMKeHHA WiacTHuecKH 
CBOMCTB THTAHOBbIX CNaBOB MpH coxepxKanHHH Al Bpimte 7—8 Bec. %. 


MucruTyt Metasaypruu um. A. A. Balixosa TloctynH10 
AxajemuH HaykK CCCP 7 X 1960 
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[Tpym-Il pxuMaitao, JKHX, 31, N9(1956) 4H. B. FP pym-Tp me 
OKHX, 3, Ne 7 (1958), 4H. UW. Kopuuaos, Hse. AH CCCP, yOXH, 1957, Ni 4, 398 


602 


Jlokaxaym AkayemMmun nayr CCCP 
1961. Tom 137, Ne 3 


XHMHf 


H. C. APO3OB u H. fl. MATEPAHCKAS 


O CBA3H HEHACbILIEHHOCTH HW CKOPOCTH ABTOOKHCJIEHHS 
CMECEH TPHIJIMLWEPHIOB MPHPOAHbIX )KHPOB 


‘ 
i 


(II pedcmaeaexo akademuxom B. A. Kasaxckum 12 XI 1960) 


Cuutaeted, 4TO CKOPOCTh ABTOOKHCJICHHA IIPpHPOMHbIX %KAPOB, eCJIM HCKJIIO- 
4eHO BJIMAHHe MHTHOMTOPOB HM AKTHBATOPOB OKUCJIEHHA, TeM OoJIbille, YeM BbILE 
‘HeEHACHIIeHHOCTb CMeCH TPHIJIHILepHAOB XKUpa, BbIPAaKaeMaA BeJIMGHHOH HOAHO- 

oO uucyia (*). Takand olleHKa CKJIOHHOCTH %KHPOB K OKHCJICHHIO OCHOBAHA viaB- 
‘HBIM o6pasom Ha CpaBHeHHM ObICTPOl OKMCAAeCMOCTH PaCTHTebHBIX %KUPOB C 
BbICOKHM HOMHbIM UCIOM (BbICHIXaIONIHX MaCesl) C OTHOCHTEJIbHOM HHEPTHOCTHIO 

OKHCJICHHIO TBEPALIX 2%KMBOTHEIX %KHPOB C HH3KMMM HOMHBIMH 4HC/aMH. 

_ Tak KaK 3aBHCHMOCTb CKOpOCTH AaBTOOKHCJICHHA OT CTeIeHH HeHACHILIeH- 
HOCTH MIPHpOHBIX CMeceli TPHTIMIepHAOB AIA 2%HPOB OHOroO BUA Mokpobuee 
He HcCJleqoBaHa, TO B HAaCTONINeli padoTe H3y4alaCb CBA3b Mey HHTeCHCHB- 
HOCTbIO OKUCJICHHA Hi BeJIHMYHHOH HOHOrO uNCa Y PasJIMYHbIX o6pa3lloB TIpH- 
POAHOTO XKUpa, HMEIOWLNX TPHrMWepHAHHI CocTaB ofHOoro HM Toro *e THIMAa. 
B xkauectBe oObekTa HCCIeElOBaHHA U3OpaHb! CMeCH TPHTJIMepHAOB CBHHOrO 
Kupa, BBY TOTO ITO B 3TOM *Kupe CosepxKakue (pPaKUMH HEOMBIJIACMbIX OUCH 
HeBeJIHKO (He Gosiee 0,3%) HU TPHIMIepHAbI AKUPa MpakTHYeCKH He S3aLILHILeHbI 
OT OKHCJI€CHHA MIPHCyTCTBHeM HHIHOMTOPOB. 

OOpasitl CBHHOTO XKUpa NOMy4aIMCb ObICTPbIM BwifeeHHeM M3 TKAHH TIpH 
60° B cpefle a3oTa, M B HUX ONpesenANHCh HoHoe uNcsio JN, no PosexmyHfy u 
Kyxrenny (7), 4 pofaHopoe uncuio RN, BbIuHCJIAJICA CpeqHHH MOJIeKyApPHbIi 
Bec TPHPIMMLepHOB, OTHECeHHbIIi K OHO! TBOHHOM cBA3H NO opmyvie 


J2X 100 
JN 


s 


L Mm | A = 


re Mn — cpeqHui MOJIeKYJAPHbIi Bec, A — YHC/10 [BOHHBIX cBA3eH), H TpH- 
TPIMMepHAHbIi COcTaB C MpHMeHeHHeM UM3BeCTHHIX ypaBHeHuii KaydManua no 
paspa6oraHHomy Hamu pauHee cnocoby (*). PesybTaTbl yKasaHHbIxX onpeleseHHi 
‘cBeyqeHbI B Ta6l. 1. 


Ta6Onuua 1 


3 _ Dpakuun TPHrHUepHAOB B % 
: ogHoe PoyaHoBoe 
a o6pasua uHCIO 4HCJIO Mm/4A 


é 


OJICHHOB,. 
KHCJ, 


JIWHO JICB. 


Hacbill. KHCJ. 
KHCJ. 


30,10 29,90 842,5 69,38 34,36 - 0,26 


1 
2 32,40 31,80 783 ,0 63,16 36,15 0,69 
3 34,52 33,20 735,3 60,50 38,18 1,55 

. 4 42,90 38,40 594 ,6 55,50 39,40 5,20 

p65 46,20 44,10 549,4 _ 48,50 49,30 2,20 
6 53,40 49,00 415 ,3 43,26 50,82 6,23 
7 56,20 34,80 |. 451,6 60,32 15,47 4. 5A 
8 64,00 45,30 396,6 47,54 34,00 24,60 
9 70,40 58,30 360,5 32,48 53,74 13,68 


pe 603 


[lolyueHHble OOpasibl 2%KUpa C Pa3MGHbIMH HOAHbIMH 4HCaMH GBICTpO 
OMHOBPeMCHHO Pa3JIMBaIM CJIOCM OMMHAKOBOH FOJINLMHbI B COBeEpWIeHHO OLMH 
KOBbIe WauikH [lerpH HW OcTaBJIAIH CTOATD Ha BO3AyXe MpH 20° nu mpH ocBelleHu 
Audpy3HbIM COJIHedHEIM CBeTOoM. Karkypie 12 uacoB oTOHpasmucb mpo6pl Aa Ha 
OOJeHHA 34 TOABJIEHHeM CpeMM MpPOLYKTOB ABTOOKHCJI€EHHA HA3KOMOJIeKysAp 
HbIX KHCJIOT C MOMOULbIO peaKIHH C HeHTPaJIbHbIM KpacHbIM Mo cnocoby Iléx 
6epra (*). OTY peakUHIO KOHTPOJHPOBaJIM BbICOKOYYBCTBUTeEMbHOH Mpoboh H 
HOABICHHe (PH3HOJIOTHYeCKH OTJIMYHMBIX IPH3HaKOB YviyOoKoro OKHCeHHA 
Kak MpaBHJio, pe3yJIbTaTLI YKa3aHHbIX 1po6 Ha r1yOHHY OKHCAUTebHbIX H3Me 
HeHHH XOpOWO CoBMamaror. 


So G 


NS 
Re Pee ee teat Oe Lee ree ee eee 
° 
8 monar 0 Ha Mn 4 oKupa 


Bpema do n0AGneHUur HusKOMGACKY/APHOAL KUCAOIN 
mh 


eee ee 
30-40 50 60.70 


GPE AL PIL ET ie 


JIN— 
Puc. |. CkopocTb aBTOOKHCIeHHA Puc. 2, MuTexcusuoctp morso- 
CMeCH TDPHIIHWepHyOB CBHHOTO HeHHA KHCOpoy_a oOpasnamu 
*KUpa CBHHOFO 2KHpa C pa3HbIMH Hoz- 
HBIMH YncnamMa: 1 — _ 30,1; 


2— 32,4; 3— 55,4; 4— 65,8 


Pesy/bTaTbI MOCTABJICHHBIX ONbITOB ABTOOKHCJICHHA H30OpaxKenbl Ha puc, |, 
43 KOTOPOrO BHAHO, YTO BOMpPeKH OODIYHBIM IIpeACTaBJIEHHAM CKOPOCTb NosB 
CHUA MpH3HaKOB FlyOoKOrO OKUCJIMTebHOrO H3MCHCHHA, T. €. CKOPOCTb TIpo- 
wecca ABTOOKHCJIeHHA CMeCH TPHIIMWepHOB CBHHOrO *Kupa, yMeHbIMaeTca 
yBeiMyeHHem HogHoro uucuia. [Ip conocTaBJeHHH *%e MOJYYeHHBIX pesyIbTa 
TOB C J[aHHbIMH Ta61. | BHAHO, KpoMe TOrO, UYTO HHTCHCHBHOCTb OKHCJIeCHHA CMe4 
cH TPHIMepHAOB CBHHOPO XAKUpa IPAMO MPOMOPUMOHANbHAa BeMYHHE CpeqHerq 
MOJeKyJAPHOrO Beca TPHTIMWepHAOB, OTHECeHHOFO K OfHOM JBOHHOH cBA3HS 
T. e. BemnunHe M,,/A. 

Jlna toro uToObl MOATBEpAHTb TaKOW BbIBOA, ObIIH MOCTaBJIEHbI OMBITHI ON 
pellesIeHHA MHTCHCHMBHOCTH MOrOULeHHA KUCMOposa OOpasiaMu CBHHOTO %KH 
pac pasHbIMH HOLHbIMH UNCIaMH. JIA STUX OMbITOB IPHMeHeH MeTOA, ONHCaHHbIi! 
Hamu pauHee (°), MOSBOJIAIOULMH BeCTH ABTOOKHCJIeHMe Mp MOCTOAHHOM CojepxKa- 
HMM KHCOposa B rasoBoit daze. OnbITEI BeuCcb MpH 60° u caa6om ocBemjeHuH) 
Audby3HbIM COJHEYHEIM CBeETOM B TeyeHHe 24 uac, PesysbTaTHI ONbITOB c OO6pa3 
WaMu *%Kupa c fosHpmmu uncsamu: 30,10; 32,40; 55,40 nu 65,80, Beipaxkennnl 
B MOJIAX MorsmouleHHOrO KuCJopogza Ha M,,/ A *Kupa, M300paxKenb! B Bue Kp 
BbIX Ha pu. 2. 

V3 comoctaBieHHA KpHBbIX pc. 2 XOPOUIO BUAHO, YTO MOJIApHOe Morsouse 
HHe KHCIOpOMa, OTHECeEHHOe K OJHOM ABOMHOM CBASH (a CJIelOBaTeJIbHO, H HH 
TeHCHBHOCTD Mpollecca aBTOOKUCJIeHHA), YMeHbIMAaeTCA C YBeJIHYeHHeM HoHOrO 
- yucla *Kupa. Orcioga crelyet, YTO ryOHHA OKUCJIMTeCIbHbIX H3MeHEHH 3aBH 
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MT HE OT 4HCJ1a ABOMHDIX CBA3eH Ha eHHHILY Beca, T. €. He OT BeJIMYHHbI KoL- 
* yucua JN, HO OT BHYTPHMOJIeKYIAPHOrO pacipeleseHHA JBOHHEIX CBI3eH 
| TPHriMIlepHyax *Kupa. 

TlomyueHHble pe3yJIbTaTbI MOKa3bIBalOT, UTO Takoe pacnpeleseHve HeHacpl- 
[\eHHbIX CBA38eH, NO KpaliHeli Mepe AA CBMHOrO KuUpa, NO-BHAMMOMYy, OTBedaeT 
IPHHWLANy paBHOMepHOro pacpeseseHHA OCTATKOB HEHACHILLCHHbIX KHCJIOT, H 
§ UACTHOCTH OJIEHHOBOM KHCJIOTHI, B OOpasyIOULUX HKUP TpurvMuepusax. QTorT 
IPHHILMM 3acJly2KHBaeT BHHMAHHA Hapsly c yoKe M3BecTHHIMH (°) H OOcyxKae- 
(bIMM TIPHHUWNaMH ynMopsfoueHHoro (paBHoro) H BeposTHoro (cu1y4ai- 
foro) pacipeleseHHA OCTATKOB KHPHbIX KHCJOT B TPHrIMIepHsax NPHpoOHbIx 
KHpoB. 


BropoH MeAHIHHCKHH HWHCTHTYT Tlocrynui6 
um. H. WM. IInporosa 10 XI 1960 


UWHMTHPOBAHHAA JIMTEPATYPA 


, 1A. T pton, Axanus »xupos u Bockos, 1932, crp. 244. * H. Tpos3yos, H. Ma 
‘epauckaa, Macnaa unmyctpua, Ne 4, 31 (1952). *H. Tposnzon, H. Mate 
vaHckKasa, Tp. Mock. XHM.-TeXHOJ. HHCT. MACHOH mpoOmblllieHHocTH, 2, 33 (1954). 
‘F.Sch6énberg, Zs. Fleisch. u. Milchhyg., 53, 61 (1943). 5 H. Tposqgos, 
a, Matepauckaa, Jloxa. Bucm. mKonn, 1, Ne 3, 586,(1958)) © T. Hilditct, 
he Chemical Constitution of Natural Fats, London, 1949. 


Jloxnayn AkayemMun wayk CEecrP 
1961. Tom 137, Ne 3 


XHMAA 


E. MW. KAMJIAH, 3. WH. KASAKOBA uu uaen-Koppecnonnzent AH CCCP A. Jl. NETPOB| 
O NOPATKE NMPHCOEXHVHEHHSA JIVNTHA K AH®EHWJY 


A. J]. Tlerpoppm u T. H. Yepxpnmesoi (') 6pivio noka3aHO, 4TO pH B3avMo- 
WleHiCTBHH TPHMeTHJIXJIOpCHaHa HM TPHOYTHAXNOpCHaHa C AM IMTMUMAMTHApogH- 
(beHHJIOM OOpa3syi0TCA B MepBOM C/lyyae MOHOTPHMETHJILUCHINILHTHAporuenu, 
BO BTOPOM — JMTPHOYTHJICHIMILurAuApowuenu. | 

Hamu pH KOHJeHCalMM JMIMTHAMrMAposwuenusia c ralovsaiKvsiamH (?) 
(H-OyTHJI-, H-TCKCHJI-, BTOP.-OKTHJ:, 2-9THJITEKCHJI-, H-HOHWJI- WH A-elHsOpo-| 
MMJ.aMH) MOJIyYeHb! KaK MOHOAIKWILMrHposudenwuibl, Tak WM WWanknILurH.- 
poludenubl. OfHaKO BOMpoc oO MeCcTe IIpHCoeMHeEHHA JIMTHA K AMeunsy, a 
CuleOBaTeJIbHO, H O HaHOoJlIee BEPOATHOM MeCTe HAaXOKCHHA AJIKMJIbHBIX 3aMe- 
CTHTeeH B AIKMIAHrAApoyuperuiax ocTaBasica He aAcHbIM. Ilo Hnenxy u Bepr- 
MaHy (*) mpHcoeqHHeHHe JIMTHA K M*eHHJIY MpOHCXOLUT B Nosowenne-|,4: 


ff FL ee eee 
Ly ER ee N—/ =i 
i 
CorvyiacHo CNeKTPaJIBHOMY aHaJlH3y (*) AJA MOJ]Y 4EHHBIX HaMH MOHO- 4H Jiu- 


AJIKHJIMTHLpOLMeHHJIOB H THAposMeHuJoB MpHcoeqHHeHHe JMTHA K ucpe-h 
HWJIy MpPeHMYULeCTBeEHHO MpOHCXOAUT B MoOKeHHe-2,5 


|i! 

. l 

, ee wee ey 
ee i a g¢_»> ae 


B HacTosuel paOore Mbi CieJlaJIH NOMbITKY JOKA3aTb MECTO MIpHCoeAMHeEHHAl, 
JMTHA K WMPeHHY ABYMA NyTAMM: OKHCJIeHHeM LurHyposuderusa SeOs u KOH-} 
WeHcallveh JMIMTHH Uru posudenusia c OpoMOeH3OJIoM, Beye K MOJTyYeHHIO 
erKO HeHTHpuLNpyemblx Tepdenuios. B csryyae, ecuiM MpHcoeMHeHHe THTHA 
WeT B MOJIOX%KeHHH-1,4, MbI AOJDKHDI ObIJIH NOJIYYHTh B pesyJIbTaTe MpHcoesMHe- 
HHA OMHOrO paluKasa Penua n-Tepdenus c T. nm. 210°. Ecau xe mpucoequue-p 
HHe JIMTHA WeT B MOJIOAKCHHH-2,5, TO MbI JOJDKHbI ObIIH NOJYUHTb O- HIM) 
M-TepdeHHJIbl C TeMMepaTypol M1aBJIeHHA COOTBeTCTBeHHO 56° u 84°. 

TlepBplii NyTb OKa3aTeIbCTBA OKA3aJICAH HeyayHbIM: OKHCsIeHHe AUuruspo-}, 


O 


— — ey. 4 | 
A ae =O, HH (eHHJIXHHOHA < 7 , a Wurugaposuderu) 


O | 
BOcCTaHaBJIM JEN a I ae Se 
JHBaIcA fo udennvuia Oy He: —< S-<_ iE 
aHaJlOrM4uHO onMcaHHomMy Begrepom (°) okucnenuio 9,10-4urufpoanrpatiena. 
IIpu BsauMojeiicrBuH OpomOeHsou1a c AUMTHI_UrUApo_uenusoM B cpexeh 
appa Hu nocwexyiouero JeruipupoBpaHua nposyKta Hag Pd wa yrue Oia no-} 
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yuena Cc BaIxogom B 6—15% cmecb Tepdenuvios. Ilo paspaGoraHHol Hamu pa- 
MeTOANKe pasfeseHHA KyOOBbIX OCTaTKOB NupowmH3a GeHsoua (°) MbI BbILeIH- 
O- HW n-TepdeHuuIbi 


! Li 
| . | 

| res LS aaa OR seams CD creams CRY are cio 
: fee. ><.» ae, Lie She “4 

' BA Bi 

# 

7 ee th fh, Pe FR 
Oe Ee GR os GN ey 

q A 

| | | 

| V/ 

s eis ws Ne 

5 == A > ——— ———— a ae ast =), 

A 

; | | 

. \/ 


mM-TepeHHl HaM He yJlaJlocb BbljetuTb. [lo-BuyuMoMy, 32€Cb MbI HMeeM 
SBeCTHY!O aHaJIOrHio C OpoMHpoBaHHeM ToJlyoula, Te, KaK H3BeCTHO, TaKxKe 
OpasyloTCA JIMUIb O- H nN-H30Mepni (’). B 3aBHcHMOCTH OT TeMHepaTypbI OMbiTa 
peoOaqan TOT HK HHO TepdeHus; npH TemMnepatType peakuHu 30° obpasy- 
tea 50% o-repdenua, mpu 0° npeoGmanaeT n-u30Mep. 
| Ina nowy4eHHbIxX TepPeHHJIOB CHATHI U.-K. CleKTpbl Ha NpHOope UR-10 B 
Onactu 400—700 cm! ua mpu3me KBr u B o6nactu 700—1400 cm~! Ha npu3me 
faCl *. Jina o-tepdeHuna oOHapyxexp moviocni: 500 cu, 525 ca., 560 cp., 
5 cp., 708 cp., 745—455 ca., 785 cp., 810 ca., 845 cp., 880 ca., 900 cp., 
20 cp., 955 cm., 980 cx., 1015 cp., 1080 cp., 1110 ca., 1160 en., 1185 ca. Ana 
-repdeHuma HalifeHb! mosocn: 460, 618, 690, 750, 840, 910, 1010, 1030, 
050, 1080, 1130, 1180. 
' Takum o6pa30M, MOXxHO CUHTATb, 4YTO MpHCoeqHHeHHe JIMTHA K Aucenuy 
jleT kak B NomoxwKeHne-1,4, Tak H B NosO*KeHHe-2,5 (MOKeT ObITh NocenHee 
OeHHeHHe OOpasyeTca BCJeACTBHe H30MepH3allHH NepBoro)*. 


QIKCHeEPHMeCHTAALBHAA YACTH 


OkucnweHve AurugApoAudmenuaAa SeOs. Ilonyyenue Aurug- 
Onudenuna. B cKNAHKYy, 3alOJHeHHy!0 a30TOM, Nomeujaiu 77 r Auenusa, 
00 ma a6c. supa u 7 Fr MeKOo HapesaHHoro JIMTHA HM CTeKJIAHHbIe Oychl. CKIAH- 
y 3aKpbIBamM MpoOKo u BcTpAXHBaH Ha KayaKe 100 uac. SaTeM peakIIMoH- 
‘yO CKIAHKYy Momellanu B OaHi0 Cc JIeAHOM BOOM M Yepes KallebHy!O BOPOHKy 
| been BHawasle CMUPT, MOTOM BOLY, OTAeNAIM SPMpHbIA pacTBop, Mocwey- 
Mii MpoMbiBanu Boson cyan. [locie yhaneHuaA pacTBOpHTeA HM BbIMOpa- 
KMBaHHA He Bollemuero B peakiMio AMdeHHa MoyyeHHD (15 r) a®u_KHH 
uruspozuenus meperonamm. On umen T. Kum. 84—85° pu 4 MM; T. 3aMmeps. 
=5°; n? 1,5603; Da”? 0,9925. MR uaiiqeno 50,91, C1zHio MR Beraucsteno 51,08. 

Baaau 3 r urugporudenuna, 2 r SeOz u 6 Mi HUTpoOeHsoma. Cmecb Harpe- 
aim B KomGe c OOpaTHEIM xomo_ubHUKOM. IIpu 50° Hauasocb nomyTHeHne, 
ipx 80° 6ypHo noua peakiMA HM TemMepaTypa ObicTpo NogHAMacb fo 125°. 
iareM peaKI{HOHHyio Maccy HarpeBaviH B TeueHHe 2 uac. mpH 150°. [Ipogyxr sxKc- 
paruposasu 3upom, oTuibTpoBprBamm of Se. Iloce yanenua pactBopHTesA 


* W.-K, cneKTpbl Opi onpegeenbi E. JI. Jly6y2K, 3a YTO aBTOpbl BbIpaxKaioT eli Oarofap- 
Tb. 
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MPOMYKT MeperOHAJH C BOAAHbIM MapoOM, OTe/eHHbIe KPUCTaJJIbI, NepeKpUCTal 
M30BaHHpIe 43 CoHsOH, ume T. mt. 68°. 


Haiimeno %: C 92,81; 92,64; H 6,45; 6,40 
Cy2H 10%. BaruncueHo %: C 93,51; H 6,42 


BzsauMoRencTBuHe AUAHTHUAUTHApPpOAUmPenusa 
6pomM6eH3040M. B CKJIAHKY, 3aN0HeHHy!0 a30TOM, NoMecTHIM 77 
mudenuaa, 500 ma a6c. aspupa, 8 r MeIKO HapesaHHoro HTHA. BeTpaxuBaHne 
Ha Kavake mpofom«kasiocb 100 uac. Sarem npu 0° qoOaBuan 157 r 6pom6ex30 
aa. Tlocae o6prHol O6pa6orTKH HU yaleHuA 9pupa MpoLyKT NeperowsA/M Ha KO-¥ 
nouke. IlomyaeHo (B rpammax): GeH30s1a 25, OpomOeH30Na 55, Audenusa 57 
TepdeHHsos 12,5 (11%). B onpirax, rye 6pomOeH30/1 NpHOaBIANA K JMAMTHA LY 
rugpobenuay mpu —15°. —30°, Brrxox TepdbeHusoB cocTaBa oT 5—8 r (5 
8%). IIpu 35° Bprxog Tepdenusa Opi 13 r (12%). 

Merutpupopaune Teppeuuasos. B kou6y c AHHHbIM rop 
JIOM, CHaOKeHHYy!0 MellaKoli H TepMOMeTpoM, Momeillaocb 10 r Tepdennua 
2,1 r Pd Ha yrae (cofepxxanne Pd 20%). Ko6a nomentaiacb B 6aHI0 Co CiIaBOM 

-Bya wu Harpepasacb Xo 300—335°. Harpespanne mposomKasocb 40 mun. Ilocaie§ 
OXJAKICHHA KPUCTaIHYeCKHH MpokykT akcTparupoBaH 50 mi OeH3s0a mpg 
50°. | 

PasmeneuHue TepdeuHuuos. Jina pazzenenua tepdenusosh 
OObEIHHAIHCh MpPOMyKTbl HECKOJIbKUX MapaJVIeIbHbIX OMbITOB. Bes Macca pac-§ 
TBOpANach B GeH3oue pH 60°. Ilo oxsaxfeHHH GOeH30/1a BHINAIH KPHCTAaJIVIbI,# 
KOTOPbIe JBaxKIbl MepeKPHCTAaIH30BaIH H3 OeH30/a; OHH HMeJIH T. MU. 
203—205°. MatouHbii pacTBop nocwe BbINeeHHA 1-TepdeHHa U OeH3OJIbHbIH| 
9KCTpakT ocme MepeKpHCTaIM3alHH oObeqHHHH. Bex3o0m oTorHasH, oc-| 
TaBlaHcA MACJIMHHCTad Macca Yepes CYTKH 3aKPHCTaNNH30Baacb. OTHE. 
KPHCTaJIbl MepeKPHCTaIMH30BaIH H3 CMMpTa; OHH WMenH T. ma. 7O—72°F 
H MO laHHbIM CHeKTpasIbHoro aHaH3a MpelcTaBANH AupeHu wHorah 
c HeOoubuOl MmpuMecbio n-Tepdenusia. M3 MaTrouHoro cnupToBOrO pacTBopa Moc-f 
Je yaleHua WucdeHusa OTTOHAJICA CNHpT, B KoOe OCcTaBalach MpospayHanh 
*KeITAA JerKO MOABYKHAA XHKHAKOCTH, T. 3aMep3. +5°. Ora *KHAKOCT Nocseh 
CTOAHHA B XOJIOJUJIbHUKe B TeveHHe 3—5 Hel 3akpUCTaNIM30BaNacb. Kpuctan-§ 
Jbl, H€peKpHCTaIM30BaHHble H3 CMpTa, HMemM T. mi. 52°, oHM MpelcTaBa-f 
JIM O-TepdeHu. 


Mucrutyt oprannyeckoH xumuv um. H. JI. SemuHuckoro Tlocrymuao 
Akanemun HaykK CCCP 21 XII 1960 


HWHMTMHPOBAHHAA JIATEPATYPA 


1 ALT) Thea p ois, lpi Oe pti me 8 a PUA 89° 73 (1953). 5 ea i Kem 
fan, 38. M. Jietruua, A. JI. Wlerpo's, KOX, 26, 1243 (1956); A. Ji- We riproms 
E. Tl. Katiaan ww mp:, )KOX, 28, 608 (1958). ® W. Schlenk, E. Berem ange 
Ann., 468, 92 (1928)... 4 10. Il. Eropos, E.llL Kanaan mw ap:, )KOX, 28; 3258m 
(1958). © GM Bedger, J: Am. Chem: Soc. 69; /764,(1947). © E.U Kana aye 
A. J. Nerpos, JKIX,. 33, 1207 (1960).. 7M. 3S. Kharasch, E.-Margo lie 
et.al., J. Am. Chem- Soc.;159,, 1405 (1937): 
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Jloxaagamn Akagemun nayr CCCP 
1961. Tom 137, Ne 3 


ee 


XHMHA 


HW. H. JIEBMUKHH u M. F. POHHKBEPLE 


BJIMAHHE KHCJIOPOAA HW BOAbI HA FHAPHPYFOLLY!O 
H H3OMEPH3YIOLLYIO AKTHBHOCTb BOJIb®PAM-CY JIb®AAHOrO 
KATAJIH3SATOPA 


- (ITpedcmaeazeno axademuxom Bb. A. Kasaxckum 11 XI 1960) 

' Boyopogx, npumensemplii B pa3smHUHbIX THAPOreHH3allMOHHBIX Mporeccax, 

OObIUHO CofepxKUT MpuMecu Hu, B YacTHOCTH, KHCIopoy. Hanpumep, no anubim © 

Maxaposa (’), WHpKYJIAMOHHBIM ras MpOMbIILJIeHHbIX arperaToB »KH1KOpa3sHo- 

i THAPHpOBaHHA TsoKeNbIX HedTeH coszepoxut 80-83% He, 0,1—0,2% Od, 
2—0,4% CO, 0,2—0,3% COs, 9—11% yraeBozoponoB CrHon+ye2 4 
7—8% No. Texnuueckuii QJIEKTPOJIMTHYeCKHH BOOpO, MOr*KeT cosepxKatTb 

fo 0,5% KHcnopona *. 

Hactoasuian paOoTa uMevia cBoeli 3aj,auel BLIACHHTb BJIMAHHE CJIEOB KHCJIO- 
pola M BOMbI Ha AKTHBHOCTS MpoMblleHHoro WSe-KaTamM3atopa. C STOH Ie/IbI0 
8 IIpOTOUHOM ycTaHoBKe (7) NpoBeseHo UCcCyIeloBaHve THApHpoBaHHA OeHsoua 
MH H3OMepH3allHH WHKOrekcaHa No WaBseHvem Booposa. TIpuMeHaBuIHiics 
HAMM TEXHMYECKMM SeKTPOAUTHYECKHH BOLOpok comepxKan No 0, % KUCJOpoO- 
fa. Jit OWMCTKH OT KHCOpo.a KOMMpHMUpoBaHHbIi LO HY2KHOFO AaBJIeHHA BO- 
fopox mponycKasca npu 300—320° uepe3 TpyOxy c rpaHyIMpoBaHHol MesbI0 
(200 r; Meb Nosy4eHa MyTeM MpeqBapuTeIbHOrO BOCCTAHOBJICHHA OKHCH Mey). 
JOpasyioujasca H3 KHCOposa Boa 3aepxKUBAIACb B OCYIIHTeNe, 3aMOJIHeEHHOM 
SKM Kau (280 r) u cusmuKaresem (110 r). OnniTbl NpoBoqusHcb Kak C HeOuH- 
MeHHbIM BOAOpOsOM, TaK HW C BOJOPOJOM, OYMULEHHbIM OT KHCJIopoya HW BOLI. 
ae HCCJIeEMOBaHve MpoBeeHO Cc OAHUM OOpa3siiom KaTaM3aTopa (28r, 12 ma) 

ceyeHeM 3epeH 3—5 MM. KatTasmusatop OblJI CMelllaH C KycouKkamu dapdopa 
60 MJ) TOrO Ke pasmepa. Temmepatypa u3Mepsacb XA-Tepmonapoi, BBeeH- 
4OH Ha 25 MM B Hauauio Clos KaTasM3aTopa (qHHa cox 190 mm). Jlo onpita Ka- 
‘alM3aTOp BbIepxKuBaJICA B ClaGoM TOKe BoJopoya (~ 2 vi/MHH) B TeyeHHe 
fuac. mpu 400° u 250 arm.; npu stom cnoco6 O4nCTKH BOAOposa Obl TOT *Ke, ITO 
1 B OMBbITe. Viceneqonanne THpHpoOBaHHA OeH30/a MpOBOAMOCb IIpH 310° pied 
50 aTM. H CKOpocTax mosaun Gexsouta 0,60 Moueli/ uac u Bofsoposa 15 movieli/¥ac. 
“WAporenusaThl OeH30a AHAJIM3UpOBaIMCb MeTOaMH OTHOCHTe/IbHOM MMcmep- 
Dat (*) w (B HeKOTOppIxX CTy¥andx) ra3so0-xKUAKOCTHOH xpomatorpaduun. lisomepu- 
‘alu IMKOreKcaHa uccyeqoBamacb mpH 370°, 150 arm. mM CKopocTax noxayqH 
tuksiorekcana 0,11 momel/uac u Boxopoya 2,0 movteli/aac, Onpesleenue cTere- 
IM TpeBpalleHHA WHKJOreKcaHa B METHJIMLMKJIONeHTaH M TeKCaHbl OCYULeCTBUIA- 
1OCb IlyTeM (PpakUMOHUPOBKH KaTaH3aToB (*) HM MHOra C MOMOMIbIO Fa30-xKUI- 
<OCTHOH Xpomatorpacun. O6a MeTOLa MpHBOAHIM K OJH3KHM pesyuipraTam 
[pasHOCTb onpeseteHui ryOuHbI H30MepH3alHu OOBIYHO He peBpluata2%). 
JMLITEI 1O THIPHPOBaHHiO OeH30s1a YepeMOBaJIHCh C OMbITAaMM MO H3OMepHsallun 
(uksiorexcana. IlomyyeHHple JaHHble pescTaBseHbi B TAO. | u 2. 

IlpoBeleHHble ONbITbI NOKA3aJIH, YTO IPHCyTCTBHe KHCMOpoOa HW BOLI B BO- 
opone OOYCAOBJIMBaeT BECbMa CYyILeCTBeHHOe CHM>KeHHe THAPHpyroujeH akTHB- 
| 9 Keble 


* B ombiTax C BBICOKOM KOHBepCHel GeH30/1a HaOOLAaINCb MeperpeBbl B COE KaTaIu3aTopa 
Ta6m. 1). 
** TOCT Ne 3022—45. 


) G09 


: Taodauna ft 
[uapupopanne 6ex30a mpu 200 aM. 


fo Iipumeu ii T-pa TayOuna Ne Ilpumenenupit Tepa Payouna 
ite | ER aore chee °G Ganceae onbita Nomen ae ME Be °C Gensonem 
| 

1 | C ouncrKoi 310—318| 84,8 16 Bes ouHcTKH 310 43,9 

hs » 301—309| 87,5 18 » » 310 8,0 

3 | 5Bes ouwncrky 310—314| 56,9 19 » » 310 9,0 

A, » » 308—310} 19,6 20 C ounctKoli 309 43,3 

ie bee. » ato) asd 21 » » 308—309 | 65,2 

8 | C ounctKo# 310—314 S70 ree » » 310—311 69,7 
43 » 305—310} 92,8 2 » » 310 83,2 
13 bes ouncTkH 310 15,2 24 » » 309—312 86,6 | 
15 » » 310 G5 | 

| 


HOCTH KaTaJIH3aTOpa HW YBeJIHYeHHe (XOTA H He CTOJIb peskKoe) ero H3OMEPH3y10 
uleH AKTHBHOCTH. Kak BHAHO M3 aHHbIx Ta6s. 1 w 2, Ha OJHOM H TOM Ke oOpa3- 
le KATaJIM3aTOPa NOMEpeMeHHO MPOBOAHWVINCh OMbITHI C BOLOPOLOM, OYMIMLEHHbIM 
OT KHcyIopogza u BonbI (NeNe 1—2, 8—12 u 20—24), u c HeouMUeHHEIM BOJOposOM 
(NoNe 3—7 nu 13—19). Bo Bcex Tpex cepHAX OMBITOB C OYMULEHHbIM BOAOpOom 
MIPOHCXOAHa AKTHBaHA KaTaM3aTOpa B peaKUHMH YTHApHpoBaHua Oensoual 
(ray6HHa THIpHpoBaHHA yBeJIMUMBaIach 

Tagrages no 87—93%); B CepHsxxX onbITOB c HeouH-§ 

HsomepH3anna wuksoreKcana mpu 370° ULCHHbIM BOXOPOAXOM KOHBepCHA MOHHKa- 
u 150 aT. ach Jo 8—13%. Takum o6pa3om, Ha6umo- 

aBuInicA ac:ppeKkT ABJIAeTCA OOpaTHMBIM. 


PayOuna uso- To 9Ke OTHOCHTCA H K MSOMepH3alluH IWHK- 
MepH3allHH WH- 


Dpumeneuupiit 


Lge hatte oor Knorexcana,%  JIOTeKCaHa: B Pe3yJIbTaTe OYHCTKH BOMO- 
pola riyOuHa sTOH peaKIHH YMeHbIUIKIaCcb 
5 | ep ee 34.0 c 34 go 14%; ofHaKo Moce BbIKIOUeHHA 
6 » > / 33,8 CHCTeMbI OWHCTKH TlyOHHa H30MepH3allun 

9 | C ounctxKoli 14,1 BHOBb JOCTHTIa MpexKHe BeJIMYMHBI. 
< Heh dees ah IIpu mepexoge OT OMbITOB C OUMILeHHbIM 
jie) « . 39.9 BOLOPOAOM K OMbITaM 6e€3 OYHCTKH ra3a (x 
ie’ es » 34,2 oOpaTHo) rHpupyloulaA aKTHBHOCTb Ka- 
TaH3aTopa HOO ObiIcTpo cTaOuH3HpoBa- 


Jacb (mocje pe3koro H3MeHeHHA), HOO 

H3Me€HANACh MocTeneHHO (cM. olbiTbl NeNe 20—24). Ilo-suqumomy, moctereH- 
HOCTb H3Me€H€EHHA AKTHBHOCTH B YKa3aHHOM CepHH ONbITOB Oblia OOycJIOB/IeHa 
OTHOCHTEJIbHO OoVIbIIeH MpOMOJMKHTebHOCTbIO TpebiqyuleH cepHu, MpoBesleH- 
HoH 6e3 OYHCTKH rasa (onpiTH! NeNe 13—19), u, ceqoBaTebHO, OO/bIIMM KOJIH- 
YeCTBOM KHCJIOposa, BBEEHHOFO B KaTaJIH3aTop. 
Ha6smogapuieecad HAMM pe3Koe U3MeHeHHe FuApupyioulel H H30MepHsyrolllet 
AKTHBHOCTH KaTaJIH3aTOpa MpH OYHCTKe BOsOposa MOrIO ObITh OOyCJIOBJIeHO 
KaK KHCJIOPOOM, aCopOHpOBaHHbIM HJIH PpaCTBOPeHHbIM B KaTaJM3aTope (Ha- 
lipHMep, B dopMe aToMapHoro KuCcJIOposa), TaK HM BOOM, OOpasoBaBlelicA U3 
KHCJlopoyqa M aycopOupoBaBllelica Ha NoBepxHocTH. JA BbIACHeHHA STOFO BO- 
Tipoca Mbl MpoOBeJIH ps, JONOJIHHTeJIbHBIX OMbITOB NO THAPHPOBaHHIo GeH3oua U 
HSOMeCPH3allHH WMKJIOreKCaHa, B KOTOPbIX OCYIIHTe/Ib BOLOPOLa Obi BbIKJIIOUeH, 
H BUJlaKHbIM Ta3 M3 MedKH C MebIO MOCTYMaJ B peakTOp Yepes CTaIbHOM KalMu- 
Jap, TeMllepaTypa KoToporo nossepxuBanach upH 300—320°. Takum oGpa3om, 
BOLOPON OYMUAaICA TOJbKO OT KHCJOposa, a OOpasoBaBLlasicaA Boa NocTynaa 
Ha KaTaiusatop. [ay6uHa TH{PMpOBaHHA B STHX OMbITAX HECKOJIbKO BOspocua 
M10 CpaBHEeHHI0 C OMbITAMH, MpOBeAeHHbIMH 63 OYMCTKH BOMOposa OT KUCJOposa, 
M cocTapaaua 15—22%. [lowyueHHble pesyJbTATbI MO3BOJIAIOT TpeMOJIOKUT, 
4TO THAPMpyloulad AKTHBHOCTb KaTaMU3aTOpa NOLaBJIAeTCH He TOJIbKO oOpasyio- 
WeHCA BOLO, HO M CaMuM KHCsIOposom. B To Ke BpeMA MPH BbIKJIOYeHHH OCy- 
IUMTeJIA 3 CHCTeMbI OUHCTKH BOLOposa He HaGmOfaloch H3MeHeEHHA P1yOMHbl 
610 


SOMePH3alHU WHKJOreKcaHa MO CpaBHeHHIO C OMbITaMH, MpOBeeHHbIMH BOBCe 
93 OUHCTKH ra3a. 
Ilonpiraemca CHayasa NpoaHaiu3HpoBaTb Pe3syMbTATHI, MOJYYeHHbIC B OMbI- 
MO THApHpoBaHHio OeHsoa. Pe3skoe yMeHbIeHMe THApUpytoulel akTHB- 
ocTu WSe-KaTaIu3aTopa Tipu Nepexole K HeEOUHIeHHOMY 3/IEKTPOJUTHYeCKOMY 
BOMOpOy, KaK MbI y2xKe BHJeIM, B 3HAYMTEIbHOM Mepe OOyc/0BJeHO OOpa3yio- 
ica Boo. BosMoxKHO, 4TO Boa, HECMOTPA Ha HHYTOXKHYIO KOHILEHTPAalLH1O 
B BOLOpose, alcopOupysxch, cnocoOua OJOKMpoBaTb KaTaJIMTHYeCKYIO MOBepX- 
(Tb; B 9TOM CJly4ae aCOpOlHA ee JoJKHA OLITh 3HAYHTeMbHO Oosbel, em 
YcopOuuA OeHsoIa. OTMeTHM, YTO KOJIMYeCTBO BOLL, KOTOpoe OOpa3so0Ba/0Ccb 
iS KHCJIOpOa, BBOAMBIWerOcA C BOAOPOAOM B TeveHHe OMbITa, COCTaBJIANIO BCerO 
MMIb OKOJIO 5 MOw.% OT KOJH4eCTBAa BBOAMBIUIerocsd OeH3oua. 
_ Apyrou mpwuwHo HaOuOgaBUerocA BIMAHUA BOMbI Ha FHpHpylowlyio ak- 
MMBHOCTh WSe-KaTaJIM3saTOpa MOFIO ObITb H3MeHEHHE eFO MOJYMpPOBOAHUKOBbIX 
tBolicTs. M3pectHo, 4To Bola oO/lajlaeT Kak AKUENTOPHbIMH, TaK HW JOHOPHBIMA 
*BOMCTBAMU B 3aABMCMMOCTH OT acopOeHTa (cM., Hampumep, (*,°)). MoxHo mpen- 
TONOX%KUTb,, YTO MPU alcopOuHH BOI YMeHbIMNAaeTCA KOHWEHTPAMA CBOOOMHBIX 
WIEKTPOHOB Ha NOBePXHOCTH KaTaH3aTOpa, YTO B CBOIO O4epelb NPHBOLUT 
« YMeHBINeHHIO CKOpocTH rHuApupoBaHua GeH3oua. 
_ Uro Kacaetcea Topmo3sulero appekTa, OKa3bIBaeMoro Ha Mporlecc ruypupo- 
aHHA HaJIMYHeM CaMoro KHCJOpoya, a He OOpas0BaBillelica M3 Hero BOJbI 
ieM. BpIe), TO CleyeT AyMaTb, YTO MpeNoO*KeHHe O OOKUPOBKe NOBepXHOCTH 
§ JJAHHOM CJIy4ae BPA JIM MOXeET ObITb IIPHHATO: BECbMa MaJIOBEPOATHO, YTOOEI 
8 H3YYeCHHBIX YCJIOBHAX Ha NOBepXHOCTH FHApHpyloulero KaTaMsaTopa coxpa- 
AAJICA Obl COM ACOpOUpOBaHHbIX MOVIeKy,I HIM ATOMOB KuCJIOpoga. Boviee npas- 
{OMOMOOHBIM KaxKeTCA 3/lecb MpelcTaBsleHHve O BJIHAHHH KUCOposa Ha Nosympo- 
30MHHKOBbIe CBOHCTBa KaTau3saTopa. JLevCTBUTeIbHO, KHCJOPO ABJIAeTCA aK- 
KENTOPOM CBOOOAHHIX 3JIEKTPOHOB Ha Ppa3IHUHBIX TOJyMpOBOLHUKaXx, HM pacTBo- 
jeHve ero B KpHcTanax WSez Morvio Obl IpHBecTH K HaOOaBLemMyca Scdpekty. 
_ Kak usBecTHO, KpeKHpyloulad AKTHBHOCTb aJIIOMOCHJIMKATHBIX KaTaJIM3aTo- 
}0B BospacTaeT B MipucytcTBuM Bob. Ilo Tancdopyy (’), alcopOupopannas 
soa cnocoOcTByeT OOpasoBaHHIO HOHOB KapOoHHA H, CJIeOBaTeJIbHO, YBeAHUH- 
BaeT CKOPOCTbh peakUHH, NpoTeKarollMx MO HOHHOMy MexaHusmy. C 3Toli ToUKH 
spenusl MOXKHO OODACHHTh U HaGOLaBlleecA HAMM YBeJIMYeHHe H3OMepH3yrouleH 
akTHBHOCTH WSe-KaTaJIM3aTopa Ip BBeeHHH B 30HY PeaKILHH BOLOposa Co cule- 
lam Bohl (HIM cneqamu KHCIOposa, MpeBpalaioulerocA B BOAy Ha NoBepx- 
focTH KaTasusaTopa), 
_ Honyyenupie Ranupie cBueTeLCTBY!OT 0 TOM, YTO OUHCTKA BOLOpOa oT Cule- 
JOB KUCOposa H BOAbI HMeeT OovbIOe SHAYeHHe Mp PHAPHpoBaHHH OeHsowa i 
4380MepHs3alluv Luk orekcaHa Ha WS,.-KaTausaTope. Ona NOSBOUIAeT KYMpaBJIATb» 
S@IEKTHBHOCTbIO KaTaJIM3aTOpa MH pe3KO YBeCJIMYMBATb ero FHAPHpyrollylo aK- 
PMBHOCTb. B cBA3H C STHM OTMETHM, YTO IPH NpHMeHeHUU BOLOpoa, OUMLLeEHHOrO 
‘OT CleOB KHCJOposa UM BOL, Ha UccJeOBaHHOM B HacTOseH padoTe KaTau- 
JaTope HaMM M3 OeH3OV1a Obi MOyYeH WHKJOreKcaH, CosepxAKaBUIM He Oowee 
3% mpumeceit. MoxKHO oxKHaTb, YTO OUHCTKA BOMOPOAa OT KUCOpoOAa MH KUC- 
polcofepxKallHx coeqMHeEHH oKaxKetcaA spPeKTHBHOK He TOKO AA Puapu- 
JOBAHUA APOMATHYeCKHX COeEMHEHH Ha WS2-KaTamM3aTOpoOM, HO HU Jia peak- 
anit THAporeHusallun MHbIX COeMHEHHii Ha Apyrux CyJbPUAHbIX KaTaJH- 
saTopax. 
_ B pa6Oore npwuumanu yuactue E. A. Yqanpuosa u IO. H. Panos. 


VWucrutyT oprannueckoli xumun um. H. JI. 3emHHcKoro Tlocrynuuo 
y Axayemun Hayk CCCP 4 XI 1960 


J IIMTHPOBAHHAA JIATEPATYPA 


1Y. A. Maxapos, Tp. Bocr.-Cu6. dus. CO AH CCCP, cep. xum., B. 26, 92 (1959). 

._T. Founux6epr, WU. UU. JIesunxuth, B. A. Kasauckuit, Mss. AH CCCP, 
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XHMH #1 | 


C. 3. MAKAPOB u E. H. COKOBHHH 


0 PACTBOPUMOCTH O30HHJA KAJIMA B C)KM)KEHHOM 
AMMMAKE 


CHCTEMA NH; — KO; 
(I] pedcmasaexno axademuxom H. H. Yepusneeoim 12 XI 1960) 


3 AWTepaTypHbIX HCTOUHMKOB U3BecTHO, TO KOs, OAH W3 MpescTaBuTejen| 
BbICIUMX KHCJIOPOLHbIX COeLHHEHHH — O30HHJOB, JOCTaTOUHO XOpOUIO pacTBO- 
PHM B CXKWXKCHHOM AMMHAKe. OTA CNOCOOHOCTD Opl/la HCMOJIb3OBaHA [IA BbILeVTe- | 
HHA ero H3 MposkyKToB o30HHupoBaHuA KOH (},? 4). OqHako OTCyTCTBHe B JIHTepa-} 
Type KOJIMYeCTBEHHBIX JAHHbIX NO NOJHTepMHYeCKOH PaCTBOPHMOCTH O380HH]a| 
KaJIHA B CKW2KCHHOM AMMHaKe JIMUIaeT BOSMOXKHOCTH NowtyyeHuA KOs B HaH6o- 
Jlee UHCTOM Be H BbIeseHHA ero B BHe MOHOKpHcTa0B. B CBA3H C STHM B 
JuTepatType HeT yKka3aHHit Ha wuctory KOs Gouee 93,3% (*) H MOJHOCTbIO OTCYT-| 
CTBYIOT 9KCIE€PHMeHTaJIbHbIe JaHHbIe NO peambHo crpyKType KOs. ABtopbl BbI- 
HYKJeHbI OFpaHHYHBaTbCA cComocTaBeHHeM Cc OuJIM3KOH CTpyKTypoH as3uya| 
Kanusd — KNs (°). 

YuHTHIBAA BCe STH OOCTOATEILCTBA, HAMM NpeNPHHATO Msy4eHve Wharpam- jf 
Mbl CcocToAHHA cuctemst NHs— KOs. B o6sacru xKpucrannusayun KOs} 
(cm. pHc. 1) faHHble NomyyeHbI! Ha OCHOBaHHH H30TepMHYECKOH PacTBOpH- § 
MOCTH O30HHla KaJIHA B 2KHAKOM aMMMake MIpH TemmepaTypax: —do, —45, | 
—55, —65 u —75°C. B o6nactu kpucranauzauun NHs uccmeqoBpanve Mmpou3-§ 
BOJHJIOCb XOPOUIO H3BECTHbIM BH3YaJIbHO-MOJHTePMHYeECKHM MeTOJOM. 

JlaHuble, COOTBeTCTBYIOULHe CpeqHUM pe3ysbTATaM TpeX-YeTbIpex H3Mepe- 
HMM B HHTepBavie Temmepatyp —33, —80°, T. e. B OOaCTH CyWleCTBOBAHHA 2K] § 
KOrO aMMHaKa B JaHHOii CuCTeMe Mp OOBIYHOM JaBJIeHHH, CBeseHbI B TAO. | J 
u B AWarpammMe NHs — KOs (puc. 1). 


Ta6auna i 


anupie PacCTBOPHMOCTH OSOHHJa KaJIWA B *KH]- 
KOM aMMHaKe 


T-pa, KO; (r) T-pa, KO; (r) 

°C 100 r NH, °C 100 r NH, 
= 0 75 Saul 
—78,1 2A —65 7,80 
18,6 Des —dod 10,05 
1923 Onae —45 12,31 
—80,0* my otk —35 14,82 


* CocTaB ycTaHOBNeH rpadHueckH. 


IlonyyenHaa HaMM J\MarpaMMa OTHOCHTCA K MpocTelitiemy THMy SBTeKTHYEe- | 
CKHX J\MarpaMM C COCTaBOM SBTeKTHKH OKOJIO 5,1 r KOs/100 r NHs mpu Ten- | 
nepatype —80°. : 

TloppiueHve TeMMepaTypbl IPMBOLUT K BO3PaCTaHHI0 PaCTBOPHMOCTH O30HE- | 
la KaJIMA B CKWKEHHOM amMvake c K = 0,22 r KOs ua 1° u B6mu3n Temmepa- 
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a KHMeHUA MoceqHero JocTuraer mpesebHoH BemMunHpt. Ilo nowy4eHHbIM 
avHbIM, pw —35° BeMuNHa pacTBOpuMocTH Opa HaiieHa oKomo 15 r 
KOs/100 r NHs. Ilonuxenne Temnepatypp samepsanusa (naBseHus) amMuaKka 
R J4HHOM CHCTeMe COOTBeETCTBEHHO U3MeHAeTCA OT —77,7 Ao —80°. 

| Hanvune nonyyeHHprx qanHpix mo cucreme NH3 — KOs cosgaet BosMox- 
HOCTb, C OMHOH CTOPOHBI, MeTOJOM MOWIMTepMH4ecKoil KPHCTaIMM3aHA Moy - 
“eHua KOs B HavOovlee 4HcTOM Bue (o6acTb ED), c Apyroi — KouWeHTpupo- 
BaHHA pasOaBJeHHbIX PaCTBOPOB O30HHa, MO.TyyalOULHxXcaA Moce 9KCTPAKILHH 


KO 
NH, 2a3 3 


Pacmbop KO. 8 NH, 9 


Temnepamypa — 


ere ree Rete ge Tt FF 


pa 
0 5 10 5 
Codepscanue K0, (2) Ha 1002 NH, 


‘ Puc. 1 


ero H3 O3O0HHPOBaHHON UWleJiouH, MeTOJOM BbIMOpaxKHBaHHA (OOnacTbh AF), Me- 
MONb3OBaHHe MOMMTepMHYeCKOH KPHCTAIIH3allHH MosBOIMJIO HaM CpaBHHTeJIb- 
HO JerKO NOMYYNTh OTAEJbHbIC COPAasbl OSOHHAa KaJIMA C CofepHaHHem KOs = 
=98,1% no Becy. 

IIlpu u3yseHHH CHCTeMbI NIpHMeHAICA AMMHAK BbICOKOM YHCTOTEI, MpHrOTOB- 
JIeHHBIM MyTeM TpexkpaTHOH MeperouKH %KHIKOTO AMMHaKa H OCYUIKH ero MeTau- 
JIMYCCKHM HaTpHeM. O30HH, KaJIHA MpelBapuTebHOH MepekpucTaIM3sauHen 
ocBoboxK aca oT OObINHO IpucytcTByloulero KOH -H:20 ('), u Tem caMbIM BJIMsA- 
IHMe ero B CucTeMe ObisIo cBeeHo K MuHHMyMy. Ilony4eHHble WaHHbIe, TOMHMO 
M3BeCTHOrO HaydHOrO HHTepeca, MOryT HMeTb CyLLeCTBeEHHOe 3HayeHHe JIA TeX- 
HOJIOTHH MOJyYeHUA O3OHHa KAMA. 

OKCHepHMeHTaIbHad uacTb Oosiee NOApoOuHo OyeT H3IoKeHa B CHelMab- 
HOH CTaTbe. 


VUuctutyt o6mel H HeopraHHueckOl XHMHH Tlocrynusio 
um. H. C. KypHaxkosa 9 XI 1960 
AxkajlemHH HaykK CCCP 


LMTUPOBAHHASA JINTEPATYPA 
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Joxraane Akayzemun nayk CCCP 
1961. Tom 137, N33 


Axanemuk A. H. HECMEAHOB u JI. H. KPABLLOB 


n-AMMETHJIAMHHO®EHWJIPTYTHBIE MPOMSBOAHbIE 
HHTPOSOAHHJIHHOB H HHTPOZOHA®THJIAMHHOB 


B NpOTHBONOJIOXKHOCTh WHpOKO H3Y4eHHbIM HATposodeHoaM HM HAUTPO3dh 
HapToOlaM CTPpOeHHe HHTPO30aHHJHHOB KM HUTPO30HaPTHJIaMHHOB HUCCc/leqOBaH 
3Ha4MTeJIbHO MeHee MOviHO. Tak, HMeeTCA TOJIbKO OMHO YKa3aHHe Ha TO, UTO CMEKT 
MOPJIOULeHHA N-HUTPOsoaHHsIHHAa CofepxKHT Moocy NO-rpynmbl Cc HeCKOJIbKy 
HOBbILICHHOH HHTeHCHBHOCTHIO, BbISBaHHOH compsyeHuem NO-rpynmpi co cad 
OoqHOl Napok 3leKTpoHOB amuHorpymnpi (1). Ora nomoca ucuesaeT IPH NOAKUG 
Ji@HHM pacTBopa. Ha ocHOBaHHM 39TOFO MO?XKHO 3aKJIOYMTb, YTO HATPO3OaHHJIH] 
UMeeT O€H3OHAHOE CTPOeHHE B MPOTHBOMOOXKHOCTH eFO COIM, OOMAaatoule XV 
HOHAHOM CTpyKTypoli, T. €. 3eCb HMeIOTCA Te *%Ke OTHOWICHHA, KAK B HUTPO3d 
WMaJIKMaHWIMHaXx WH UX coax. Brin nowysenpt Cu, Co, Ni a Pd-npousBogupy 
HHTPOSOHaPTHaMHHOB, Hallesuine MpHMeHeHHe B Ka¥eCTBeEHHOM MH KOJIMUeCH 
BeHHOM aHaJlH3e, HO CTpOeHHe HX He HCCeLoBamocb (?~°). 

Taoanuua ft 


by C.% H, % N, % He, % 
ae — | | | 
e CoexHHeHne Toma: (pasa), °C} 5: | os 5 5 5 
an Ls Whe = = I Oe = 
Z Bleed feu) a, © ae z 
ma uel xs | a = a 3 a 3s 2 | 
t% fea) | tn | 2 * i>) nf a < om 
NHHgC,H,N(CH;)» 205 13 aS 3,424. 9,34 45,48 
may. a ‘ CH, — C,H,N | 94 | 37781 | 98,18 | 3738 | 3.43 | 9/40 | 9.54 | 45.50 
| | 
tl 
C 
NO 
3 NHHgC,H,N(CH;). | 178 u3 ie 4 4,13 _ | 8,78 42,65 
4 On CyHy — CgH3N | 89} 44713 | 40-89 | a't6 | 4,07 | 8'83 | 8,94 | 4259 
| | 
| N[HgC,H,N(CHs)s]> 192 u3 : 35,42 | areal 6 aah eelo) 51,66 
3 e gC, H,N( 22 C,Hi, — C,HsN 82 35°57 35,61 | 3°44 3,38 7,08 7,22 51.58 
ll 
Y CH, 
NO 
N[{HgC,H,N(CH,)0]> 206 us 34,95 3,27 6,99 50,27 
P \ gC.HyN(CHs)2]2 CF GN 81 35,01 34,89 3,30 3,31 744 7,08 50.33 
| Jp OOHs 
NO 
H N(CH,)» 162 u3 43,92 3,44 8,57 40,42 
° ry Noe seth a C,H,OH 95 | 43°35 | 43,95 | 3°63 | 3.48 | g'56 | 8.54) 40,97 
ce 
207 13 43,97 L345 8,67 40,34 
6 93} 44 '09 | 43.99 3,48 8,54 
C,H;C! 44,00 | 43:99 | 3,54 8,73 | 8.54 | 40,45 
a ee ee 
Disp 


G14 


Ta6Omuna 2 


y me at 
Ze = 
=i CoequHenne PactTBoputevib ak ie make 
¢ 
by 1 H,NC,H,NO—4 C,H,OH 45,2 | 53,5 
ig 2 To 2Ke CHsCOCH, 14,4 58,0 
ie as nec | 188 | ee 
‘ ‘ ,0 ee 
i : NS CaN er —A4 ° C,H,OH 15,0 58,5 
; 6 To xe CH,COCH, 44,4 60,1) 
i To xe H,COOC,H, 14,0 | 57,5 
8 CH 3 Guts 13,9 60,0 
9 ILNCGHsX NO 4 C;H,N 13,7 65,5 
H,— 3 
‘ 10 (CHING. NaH 4 To xe 13,6 | 69,5 
CH,—8 
mr (RHg)NGH N16 wR | ea 14,2 | 90,0 
> OCH: —8 
12 PONCE Co) | > 13,8 | 78,0 
if OCH s—3 
13 (CH3)2NCcHsC NO aN, | >» » 137 80,5 
: H,— 3 
é 1k (RHg)NCH< NO ri > > 14,3 | 117,0 
i 15 HNCHCOS" | 2,5 oa 13,7 | 63,5 
: i ZACHs)2— 2,5 
i 16 (CH,).NCH {G9 ; > » 13,3 47.5 
¥ - wi CH, o— 2,5 | re 
17 RHENHGH< Vig 2; » » 14,0 | 75,0 
18 { — H,NC,,H,NO —2Z », » 14,4 80,0 
J 19 {— RHgNHC,,H,NO — 2 >» » 14.2 93,0 
5 R = 4—(CH,),NC,H, 


» Ilpofomkasn uccieqoBaHve apHJipTyTHbIX MpOH3BOAHbIX TayTOMepHbIX 4H 
MICeBJOMePHBIX CHCTeEM, MbI V3Y4HJIM B HaCTosleH paOoTe B3aHMoOselicTBHe PHi- 
POOKHCH N-jMMeTHJaMUHOdeHHJIpTYTH C PAJOM HHTPO380aHHJIHMHOB H HHTpPo30- 
‘HaTHJIaMHHOB, KOTOPbIe ObIJIH MOJyYeHb! MO HMeOULHMCA B JIMTepaType MeTO- 
BuKkam (°-*), ApwaptyTHble mpousBosHble CHHTe3HpOBaJIHCb MO OOMleMy ypaB- 
HEHHIO: 


(CH3)2NCgHaHgOH + RNH, — (CH3)oNCsHaHgNHR + H,O 


(rae RNHe2 — coorsercrByiouliii HUTpO30aHHJIHH WI HATpOsoHadpTHiaMHH) 
TPH peakWHu ruApOOKHCcH apHJIpPTYTH C HHTPO3OAHHJIHHaMH HM HHTpOsOHadTu.l- 
aMHHaMH B MeTaHOJIbHOM pactTsBope (Tad. 1). LlonyseHHbre coeqHHeEHHA — APKO- 
OKPdllleHHbIe KPHCTasIHYeCKHe BelleCTBA, HeEPACTBOPHMbIe B BOe, OYeHb IIVIO- 
XO paCTBOpHMbIe B OOJbIIMHCTBe OpraHHyeCKHX paCTBOpHTeeH, 3a HCKNOUe- 
HHeM MMpHAMHa, HW MiaBsulMecn c pa3sJowKeHheM. APHJIPTYTHbIM paquKall B 
HUX He CBA3aH C aApOMATHYeCKHM AAPOM HATPO3SOAHHJMHA, YTO NOATBep2KAaeTcA 
CuleqYIOMMMH JaHHbIMH: 1) N, N-aHMeTHJIsaMeleHHble HATPOSOaHHVJIMHbI HW AHMe- 
THMAHHJIMH He pearupyloT C THAPOOKHCbIO apHJIPTyTH; 2) MoulyyeHHbIe CcoeqH- 
HeHHA, B MpOTHBOMOJIOXKHOCTh OHC-N-JHMCTHJIAMHHOeHHJIPTYTH, paculervia- 
oot (1pH AeHcTBuM HOAMCTOrO KaJIMA MO ypaBHeHHIO 


i 
A) 


\CneqopatebHO, OHH MOryT HMeTb JJHOO OeH30HHOe, HOO XHHOHZHOe CTpoe- 
Hue 


(CHs) NCsHaHgNH RSs nau 


} HN= lan » — NOHgCoHaN (CHs)2. 
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— ees 


J\id yCTaHOBJIeHHA CTpOeHHA HUTPOSOaHHJIMHOB, HUTposoHadTHaMHHO 
H MX APWIPTYTHBIX MPOH3BOAHbIX ObIJIO MCMOb3OBaHO XapaKTepHoe NOrvoMle 
Hue NO-rpynnbt. 

C sToii LembIO ObIJIM CHATHI CIEKTPbI MOPIONLeEHHA HATPO30aHHJIMHOB, HUTpPO 
30HaTHIAaMHHOB, HX ApPHJIPTYTHbIX MpOMSBoAHBIX uN, N-2umerus3amMenleHHEE 
HATPO3O0aHHJIMHOB B o6nactu 10—20 cm-! -10-3 (cm. puc. 1, 2 u Ta6n. 2) *. Benen 
CTBHE IWIOXOM PaCTBOPHMOCTH APHJIPTYTHBIX MPOHSBOAHbIX CMeKTPbl CHAMAJIHC 
B NUpH_MHe np TomlHHe KioBeT 50—100 mm, 


Ho) Iga Go Pen. 


eS 


Pue. 1. Cnextppr morsonlenua Puc. 2, Cnextppr morjomleHHa 
B CsH;N: B C;H; 
NHe N (CHs)2 NO 
aN YN 4\/\NH> 
1—|| J; ea ee os a ed 
\Z NZ S/4\F 
NO NO NO 
DNase eda ~=ae \ NHHgCsHiN (CH), 
~~ 
s—ff) i aa 
\Z 
NO ee 
4— HN ={__>= NONa (YY \=NH 
aN 


Bee HUTpo30aHHJIMHbI MH UX apHJIPTyTHbIe MpOWSBOHbIe OOaaioT B STOH 06 
s1acTH XApaKTepHbIM MaKCHMyMoM MorsouleHua NO-rpynibl, ACHO BbIpaxKeHHbIy 
HU JOBOJIBHO YeTKO OTACMEHHBIM OT MOrOMleHHA B y.-c). oOacTH. CpaBneHue HH 


CO CIe€KTpaMH CBOOOAHBIX COeEAMHEHHU MOKA3bIBaeT, UTO HHTPO30aHHJIMHbI Ha 
XOAATCH B PaCTBOPe LEJIHKOM B OeH30HAHOK PopMe, B OTHE OT HHTPosoeHa 
JOB, (WIA KOTOPHIX Mpeobmaqaioule ABJIAeTCA XHHOHMHaA cbopma. HeOovpua: 
pa3HHila B HHTCHCHBHOCTH TOFJOULeCHHA BbIgBaHa BJIMAHHeEM 3aMeULaIOlMX Me) 
THJIbHBIX rpynn. TlonmKeHHOe 3HaAYeHHE Eyaxe AA N, N-quMeTHAHUTpOsOKCH} 
JIM\MHa, BEpOATHO, OOycsIOBeHO HapyuleHhem compsxenuaA NO-rpympi c aMHHC} 
rpynnol BeeqCTBHe MpocTpaHCcTBeHHBIX MpenATcTBHH. B cmeKTpax apHpTyT) 
HbIX MPOUSBONHbIX HHT@HCHBHOCTb MoOroueHua Makcumyma NO-rpymmpi BecbM| 
NOBbIMeHa, YTO, HApALY C HEKOTOPbIM THMCOXPOMHbIM CABHITOM, YKa3bIBaeT Hf 


* Cnektpbl CHHMasucb Ha CnekTpototomerpe CPJI-1 B ontuyecKoli .a6opatopuH H. B. O6pd 
VIMOBA, 
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SJIEKTPOHOLOHOPHy!0 Mpuposxy n-AMMeTHamMunopenupTyTHoro paquKasna. Bos- 
MOXXHO, B JaHHOM CJly4ae NpoABJIAeTCA TakxKe cmeludHuecKoe BJIMAHHE MHpH- 
(Mua Kak pactBoputeiA. Tak, cpaBHeHHe MHTCHCMBHOCTH MOPIOULeHHA f-HHTpoO- 
30aHWJIMHa M N-HHUTPO30LMMeTHJIAHMJIMHa B pPa3HbIX PaCTBOPUTeIAX BbIAB/IACT 
ee 3HAUMTeIbHOe YBeJIHYeHHe MpH Nepexofle K NMpUANHYy. 

B cneKTpax HHTposoHapTHaMHHOB HM UX AapHIPTYTHIX MpPOH3BOLHbIX 
TakxKe MpHcyTcTByeT Novloca norjomeHua NO-rpynmpl, oOsaqaroulan HOpMaJIb- 
HOM HHTCHCHBHOCTbIO, YTO yKa3bIBaeT HA HX HATPOSOaMHHHOe CTpoeHHe. B mpo- 
THBONOJIOXKHOCTh STOMY, B ClekTpax Na-mpou3BOLHbIX HATPO30aHHJIMHOB HM HUT- 
PpOSOHaPTHaMHHOB OTCyTCTByeT MakcHmym NO-rpynmtbl, Ha OCHOBaHHH Yero 
HaMH CjleJlaH BbIBOJ, O XHHOHJHOM CTPOCHHH AHHOHOB HUTPO380aHHJIMHOB HM HATPO- 
30HacpTHJIaMMHOB: 


1 
Bed ae fe 
od a ae 
\I4 


’ 

_ Takum o6pasoM, NovJlyYeHHbie pe3yJIbTaTbI MOKA3bIBAaIOT, YTO HUTPOs0aHH- 
JIMHbI MH HUTPOSOHAaPTHJIAaMMHbI, a TAKKE UX APHJIPTYTHbIC MPOH3BOAHbIe OOsa- 
| ee OeH3OHJHEIM CTPOeHHEM, B MPOTHBOMOJOXKHOCTh HUTPO30peHoaM, HUTpPO- 
OHaPTOaM HM HX APHJIPTYTHbIM MpPOH3BOAHIM, CYULeECTBYIONIMM B OCHOBHOM B 
XHHOHZHOK copme (°). Tem caMmbiM ellie pa3 MoxTBepxLaeTca Gowbuloe CXOACTBO 
B NOBeMeHHM AapHJIPTYTHOTO, paluKasla M aTOMa BOOposa B TayTOMePHbIX HU 
fICeBOMePHBIX CHCTeMaXx. 


VuctTuTyT 9uleMeHTOOpraHHyeckHXx CoeqHHeHHit TMocrynuso 
AxkajlemuH Hayk CCCP 8 XII 1960 
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Jloxrnxnagn Akagwemun nayk CCCP 
1961. Tom 137, Ne 3 


XHMHA 


Unen-koppecnonyent AH CCCP ©. A. PASYBAEB, O. C. TbAUYKOBCKASA, 
H. C. BASAHKHH u O. A. WIEMETKOBA 


PEAKUMH AWMJIbHbBIX MEPEKMCEM C OPTAHHYECKHMH 
MPOH3BOAHbIMH CBYHHIA, OJIOBA HW KPEMHUA 


MspecTHo, YTO *KUAKopasHble peakilHH, B XOe KOTOPbIX HaGOaeTcCA TOMo- 
JIMTHYeCKHH paspbiB O-CBA3eH, MOryT MpOTeKaTb WIM Yepe3 CTAHIO AKTHBHOrO 
KOMIWIeKca, HIM C OOpa30BaHHeM KHHeETHYeCKH He3aBHCHMBIX “acTHU. B page 
culyuaeB 06a STH MeXaHH3Ma, MO-BHJHMOMY, MOryT COMYTCTBOBaTb Apyr Apyry, 
4TO, ECTECTBEHHO, HAXOAHT OTPaxKeHHe B YBCJIMYCHHH ACCOPTHMeHTA KOHeYHBIX 
IIpOLyKToB peakuHH. Ham kayKeTCsA, YTO HMCHHO C TAKHM ABJICHHeM TIpHXoAUTcA 
MMeTb jJleJlO IPH H3yYeHHH B3aHMOfeHCTBHA MepeKHcH OeH3OHa HM alleTHJ- 
OeH30HIa C OJOBOOpraHH¥eCKHMH COeHHEHHAMH B OTCYTCTBHE pacTBOpHTesen 
M KHCIOpoya BosLyxa. 

Ilockombky o6cy2kKaemble peakuHu (cM. TaO7. 1) HLyT JIMUIb pH MOBbILIeH- 
HbIX TeMMepaTypax, JIOTHYHO MpeANOJIORKUTb, YTO OHH BBISHIBAIOTCA pacialqom 
TICpCKHCHBIX CoeMHeHHH: 


CsH;COOOCOR —> CsH;COO- + RCOO., (1) | 
R=C.Hs uan CHs-;; 
CH COOs > CH econ (2) | 


IIo KomHuecTBYy BbIZermolleica JByOKHCH yrmepoa BULHO, UTO peakiusA (2) 
He HpaeT CyMleCTBeHHOM POJIM B MpolleccaxX B3aHMOJeHCTBHA MepeKHCH OeH30H- 
J1a C TETpaSTHJIOJIOBOM, PasIOreHHLaMH TPHITHIOIOBa H OeH30aTOM TPH3STHJIOIOBAa 
(ompitEr 1—4). 
Tlomyuarouyneca cBOOOLHEIe OeH3O0HJIOKCH-paquKaJIbl pearHpyloT C OJIOBO- 
OpraHH4ecKHMH CoeqHHeHHAMH, Cy mo OOpa30BaHHlo 9TaHa, 9THJIeHa MU OyTa- 
Ha, S3TOT Mpollecc CBOAHTCA K BbITeCHEHHIO 3THJI-pauKaJIOB OeH30aTHbIMM palu-. 
KaJlaMH: 


CsHsCOO+ + (C2Hs)3 SnX — (CzHs)2SnX (OCOCsHs) -+ CoHse. (3) 


Syecb H HWKe X = CoHs, Cl, Br, CsHsCOO. ConoctTaBmenue pesyubTa- 
TOB, NOJIY4eHHbIX B ONbITax 1—4, nMoKa3bIBaeT, 4YTO MpHposa X MaJiO BJMAeT 
Ha TeyeHHe peakunu (3). Bmecte c Tem, mpogyKT (C2Hs)2SnX(OCOCsHs) mpu 
X = Clu Br He yaetca u30mMpoBaTb. BMecTo Hero OblIH NOJyYeHb! JHOeH30aT 
JHSTHONOBA H LranovLHOe WMSTHJIONOBO, YTO MOXKHO OODACHHTH AMCMponop- 
IHOHHpOBaHHeM TMepBoOHadaJIbHO OOpa3yioulerocA MpokykTa Mo ypaBHeHHHO: | 


2 (CoHs)2 SnX (OCOC¢Hs) — (CoHs)s5SnX2 -+ (CzHs)2 Sn (OCO CeHs)e. (4) 

CBoOoHbe STHJI-paluKaJibl, BOSHHKalOulve MO peakitHH (3), AHCMponopivo- 
HHPYyloT WM B He3Ha4HTeIbHOM CTeNeHH AUMepH3yi0oTcs. 

2C2H5-— C2He + CaHa, (5) 

2C2H5¢ — n-CyHyo. (6) : 

Kak BpITeKaeT M3 BBILICNPUBeeCHHLIX YypaBHeHH, mp pacnage | Mousa me- 

pekKHcH 6eH30Ha TeopeTHyecku AOJLKHO HOJTY4HTbCHA okosio 2 Movie CMeCH Ira- 
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3006pa3HbIX YFJIeBOLOPOLOB, MOCKOJIbKy peau (2) u (6) MMeIOT JIMUIb T1060" 
HbIM XapakTep, OHako u3 Taba. | (ompiTEr 1—4) BUHO, YTO CyYMMapHBI BbIxXC 
rasooOpasHblx YrieBOAOPOAOB HH B OJHOM Culy4ae He JocTuraerT axe | Moa 
MOJIb paciapulelica Mepekucu. CieqoBaTesbHO, STHJ-paqWKaJibl y4aCTBY!OT 
oOpaso0BaHHH He TOJIbKO ra3z00Opa3HbIx BellecTB. M3BecTHo, HalpuMep, 4TO O 
MOryT HHHIMMpoBaTb paca, mepekucu OeH30nNa. B 9TOM Cyuae B peaKIHOF 
HOH CMeCH JOJDKeH IpHCyTCTBOBaTb 3THJIOBbIN SPUp OeH3OHHOH KHCJIOTHT: 


CoH5* -+ CgHsCOOOCOCSH; -> CsH;COO+ + CsHsCOOCsH;. (F 


OTHIOeH30aT HaMH BbIeeH C MOCTATOUHO BLICOKHM BbIXOJOM H3 TIpokyKTch 
B3aHMOeHCTBUA MepeKHCH OeH30Ma C OEH3OMHOKUCJIBIM TPH3THJIOJIOBOM (OnBIT 4 
B ocTaJIbHbIX OMbITaX STHJOBbIN Sup OeH30HHOl KHCMOTbI He ymaeTca Hs 
JIMpOBaTb B UHCTOM Bue BCJIeELCTBHe OJIM30CTH TeMMepaTyp KHMeHHA 9TOFO Cé 
e€(HHeHHA WH HCXOQHBIX OJIOBOOPpraHH4YeCKHX BelLecTB. 

Urak, mpeqnouarad CBoOoL,HOpayHKaJbHylo CXeMy B3aHMOMelicTBUA, Jerk 
OObACHUTb BOSHUKHOBeHHe BCeX HaleCHHbIX MposyKToB. Bmecte c Tem JomnycTy 
MO, YTO STHMGeH30aT NoslyyaeTCA HW B XOMe peakKUMH, HAyuleH Cc MpomexkyTO 
HbIM OOpasoBaHHeM “AKTHBHOFO Komiiekca. Hampumep: 


X 
(C,H,),Sn—*— CH,CH, 
(C,H,COO), + (C.t1,)382X ——~ fe) —* \(CyH,)$nX(OCOC.Hg) + CgHsCOOC Hy 


CoH“ C=0-+ 0-C—Cly 
(8) 


C embt0 MpoBepKH peaIbHOCTH peakiHH (8) HAMM M3y4aIOCcb B3aMMoseric 
Bue MepeKUCH alleTHIOeH3OHIa C TeTPaSTHJIOJIOBOM HM XJOPHCTHIM TPH3TH 
OJIOBOM (oMbITH 5 H 6). | 

Kak u3pectHo (+), alleTHJOKCH-paquKaJbl MeTacTaOHJIbHEI. CaM @akT 
CYULe€CTBOBaHUNA B BHUe KHHETHYCCKH He3ABHCHMbIX YaCTHIL BbIsbIBAeT COMHEHH 
B Tex clyuaax, KOra OHH MOrIM Obl OOpasoBaTLCA, MpakTHYeCKH MpUXoLUTC 
UMeTb Jel0 CO CBOGOAHBIMH MeTHJI-payquKaaMi: 


CHCO0s =, CH enon ($ 


TlostomMy BOSHUKHOBeHHe 3HaYHTebHOrO KOJIMYeCTBA alleTaTa TPUSTHMOM 
Ba B onbiTe 5, MO HallleMy MHe€HHIO, MOXKHO PaCCMaTPHBaTb KaK BeCKOe AOKa3g 
TeJIBCTBO IIpOTeKaHHA peaKUHH C MpOMeXKYTOUHBIM OOPasOBaHHeM AKTHBHOI 
KoMiviekca. C pyro CTOpoHbI, MpHcyTCTBHe B IposyKTax peakuHH COz, CH 
M [pyrux raso0Opa3HblX yrvieBOAOposOB CBUeTeJIbCTByeT O B3AMMOJeHCTB 
TlepeKHCH alleTHJI-OeH30HIa C TETPa3THOJIOBOM H XJIOPHCTbIM TPHITHJOI0BO§ 
10 CBOOOAHOpamHKaJIbHOH Cxeme. . 

Takum OOpa30M, MIpH B3aMMOJeHCTBHM AILHJIbHBIX MepekuceH Cc oOBooprg 
HHYeCKHMH COeCMHEHHAMH, T0-BHXHMOMY, MpMXOAHTCA HMeTb JelIO OLHOBpPF 
M€HHO C OOOHMH THMAMH TOMOJIMTHYeCKOrO pacileMJeHHA KOBAJICHTHBIX CBA3e 

Bo3MoxKHO, YTO HM€HHO 3THM CBOeOOpasHem Mpoilecca MOxKHO OOBACHUT 
noyemy RCOO — paukauipl, oOpasyloulneca pH pacmaye nepekucel, aTakyK 
IIpeHMyllecTBeHHO cBa3K Sn — C ouloBoopraHu4eckHXx coeqHHeHu, B TO BpeM 
KaK MeTHJI- HW (PeHHJ-payluKaJIbl, BOSHHKAIOUHe MO peaKUHsM (2) uw (9), OTPHIBaK 
BOMOPO, OT STUJIbHBIX py, Npespauladcb B MeTaH HM OeH30N, MU He pearupyxd 


3aMETHBIM OOpa30M CO CBA3AMH OIOBO — yrviepod. B Tex culyuanx, Kora pea 
IH WLYT HUCKJIOYMTeIbHO 0 CBOOOLHOpaHKaJIbHOMY Me@XaHH3My (HalpHme} 
TIpH B3aHMOMeHCTBHH AILMJIbHbIX MepeKHceli C TeTpasTHJIC HJIaHOM), TaKoro poj} 
ABJICHHA He HaOsojaroTcs, 

M3 onpita 7 celyer, YTO peaKIMA MepeKHcH OeH30HJIa C TeTPadTHJICBHHILO} 
TIPHHWMMHaIbHO He OTMMUaAeTCA OT PACCMOTPEHHbIX BbIIWe. Ho HeOOxoLuMO O' 
MeTHTb, YTO OHA XapaKTepH3yeTCA MOUTH NMOMHbIM OTCYTCTBHeM peakuHH (5 
M yCIelwHO mpoTeKaeT B Oovlee MATKUX TeMMepaTypHbIX yCJIOBHAX. CoBepilieH 
WHave HAYT peakUHH AllHJIbHbIX MepeKHcel C TeTPadTH ICHJIaHOM (oMbITHI 8 HY 
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OTO, OYeEBUAHO, OODACHAeTCA YCTOMUYMBOCTLIO CBA3H KpeMHH — yrviepor 

-TOMOJIMTHYecKoMy paciienenmio. B pesyubraTe AWA TerpasTuscHaHa He 

WaeTcA KOHCTATUPOBATh MpolleccoB, aHasOrHyHbIx peakiusaM (3) usu (8). Cyza 

OTCYTCTBHIO B PeaKUMOHHOH CMeCH YKCYCHOM KHCJOTHI B CBOOOAHOM HM CBA- 
AHHOM COCTOAHHM B3aHMOfelicTBHe TeTpasTHJICHIaHa C MepeKHCbIO alleTHJ- 
CH3ON Na MPOTeKAaeT TOJIbKO M10 cBoOoqHopaluKasbHoli cxeme. BepostHee Bce- 
0, YTO N€PBUYHBI akT OOCyAaeMbIX peaKUHii 3akOYAeTCA B Pacnaje allMJIb- 
pIX NlepeKkucei m0 ypaBHenusm (1), (2) u (9). BosHuKkatomMe cBoOosubIe pasu- 
aJIbI OTPHIBAIOT BOMOPOA OT MOveKYy.I TeTpasTHJCHIaHa C OOpasoBaHvem OeH- 
OMHOH KUCJIOTHI, OeH30Ia H MeTaHa. 

PexomOunanusa BTOPHUHBIX palluKaJIOB MexKy CoOol BeeT K BOSHHKHOBeHHIO 
JOMKHbIX KPCMHEOpraHhuecKHX COeIHHEHHH C JBYMA H OOJbUIMM YMCJIOM aTO- 
(OB KPeMHUA B MovIeKyJe. Ilo1Haad xapakTepucTuka Takoro pola MpokyKTOB 
yet ava B pyro crate. IIpoctetimiee coequHeHHe 3TOrO THMA, H30/1MpoBaH- 
Oe c JOCTaTOUHO BbICOKHM BbIXOJIOM B onbiTax 8 u 9,— BelllecTBO cocTaBa 
asHssSiz, TO CBOMM CBOMCTBaM HM aHaIM3y BecbMa OM3KOe K CoeqHHeHUIO (A), 
aniee OMMCaHHOMY B JIMTepatype (?): 

(C2H5)3 SiCHCHs 
I (A) 
; (CoHs5)3 SiGHCHs, 
_ Ycrounpoctb cBi3H Si—C k roMoJHTHYeCKOMY pacilenmeHHIO KOHCTaTH- 

BalaCb HM paHee IIpH H3y4eHHH pacnaja NepeKHCH OeH30HVIa B Cpesle TPUMeTHA- 
eHHIICHIaHa (*). Bpiio HalifeHo, ¥TO B 9TOM C.ly4ae aTakyeTCA GeH30VIbHOe A- 
10 TPHMeTHIIeHuIcHIaHa. B pe3syJIbTaTe OCHOBHbIMH KPeMHHHcosepxKalluMu 
[POLYKTaMH SABJIAIOTCA H30MePHbIe TPHMeTHJILMdeHHJICHIaHbI. 

Bpille yxKe OTMe4aIOCb, YTO PeaKILHH CXOJHBIX OJIOBO- H KpemHeopraHyye- 
KUX COC(MHEHHH C NepeKHCAMH 3HAUHTeJIbHO OTIMYAaIOTCA Apyr oT Apyra. Ilo- 
TOMY Ka3aJIOCb HHTe€PeCHbIM H3YYHTb B3aHMOJeHCTBHeE NepeKHCH OeH30HJIa C 
WIOBOOPraHvyecKkUM aHaJIoroM TpuMeTHIdeHHICHaHa (onbiT 10). YcraHosue- 
10, TO OHO XApaKTepH3yeTCA OTCYTCTBHEM B Pe€aKIHOHHOH CMeCH ra3000pa3HbIx 
TIEBOLOpOAOB H BeCbMa HH3KHM BbIXOJOM JBYOKHCH yruleposa. 

CreopatTeJbHo, peakiua (2) uMeeT MOOOUHDIM XapakTep, a BbITecHeHHuA CHs- 
MauKaIOB OeH30aTHbIMU paluKaslaMH He MpOHCxogHT. 

B xojle peaKWHu C BbICOKHM BbIXOJOM BO3HHKaeT OeH30aT TpHMeTHsONOBA, 
Sp ocine KOTOpOrO TOATBepxKeHO BCTPeYHbIM CHHTe3OM: 

(CHs)s3SnOH + CsH;COOH ->-(CHs)3Sn:OCOCsH; +“H,0. (10) 
lannuiii (akT Mo3BOJIneT YTBeEP2XKAaTb, YTO B MOJIEKYJe TPHMeTHIeHHIOOBa 
OMOJIMTHUeCKOMY PpaCcileneHHIO HaHOouJlee MOsBepxKeHa 6-CBA3b, Haxosalas- 
‘fd MexKLy OeH30/IbHBIM AX POM HM aTOMOM MeTawa. Brrxoy Audpenusa CocTaBuAeT 
‘cero 0,1 Mom Ha MOIb pacnaBilelica MepekucH. ITO CBUETEIECTBYeT 06 oT- 
YTICTBHA aHasorHu c mpolleccamu, HaO0{aeMbIMH Ip B3aHMOselcCTBHH Tepe- 
iMCH Oe€H30HJIa C TPHMETHJICHJIAHOM. 

VU, HakoHell, HAMH H3y4asacb peakILHA MepeKHCH OeH30MJIa C TPHSTHVICHIa- 
tom (onpit 11). B qaHHom cu1yyae TOMOJIHTHYeCKOMY Pa3PbIBY B OCHOBHOM MOj]- 
iepraeTcaA CBA3b KpeMHuH — BogJopoy. B pesybrate 9Toro rilaBHbIM KpeMHHi‘- 
(OMepAKakHM MPOLyKTOM OKasblBaeTCA OeH30aT TpH3ITHAKpeMHUA. Kpome Toro, 

“BeCbMa HEBbICOKHM BbIXOJOM OOpa3yi0OTCA STAH, STHJIeH M OyTaH, 4TO, M0-BH- 
HMoMy, OObACHAeTCA 'HaiH4MeM MpolleccoB, O.IM3KHX MO XapakTepy peakUHu 
3). SABNeHHA JUMepH3alHH BTOPHYHbIX KPeMHHcokep*Rallux palMKaJOB, 
TOJb XApakTepHoro JIA B3aNMosencTBUA (C2Hs)4Si c MepeKHCAMH, B OOcyxKa- 
MOM CJIly¥ae He ylasocb HaGmoxaTb. McceqopaHua B STON OOacTH Mposou- 
<aroTCA. 

Hay4Ho-HccefoBaTesIbCKHl HHCTHTYT XHMHH Tloctynua0 

mpH TopbkospcKoM rocyflapcTBeHHOM YHMBepcHTeTe 9 XI 1960 

um. H. HW. Jlo6auesckoro 
IMTHPOBAHHAA JIMTEPATYPA 


Me, Fase Prasen, M.Szwarec, J. Chem. Phys?, 27, 416 (1957). 
Mupouos, H.A.TlorouKxuua, UHs3s. AH CCCP, OXH, 1955, 182. 
Rondestvedt, H.S. Blanchard, J. Org. Chem., 21, 229 (1956). 
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Jloxxagn Anraxzemun nayk CCCP 
1961. Tom 137, Ne 3 


Unen-Koppecnongzent AH CCCP H. H. WYAKHH u H. &. BEJIbCKHH 


KATAJIATHYUECKHH CHHTE3 
2-H-TIPOMMJI-4-AJIK WJITETPAT APO®YPAHOB 


B HacTosileH cTaTbe cooOulaeTcA O KaTaJIHTH4eCKOM CHHTese 2-H-IIponu 
4-ajiKWJITeTparuapopypanow u3 1-pypHu-2-ankummponaHouoB-3. OToT CHH 
Te3 JlaeT aJIbHenilee pacliMpeHve HalieHHOro HAMM HOBOFO MeTOMa NosydeHHp! 
rOMOJIOrOB TeTparuApodypana Ha ocHoBe cbypdypoua u aMaTHuecKux KapO@ 
HHJIbHbIX COeCJHHEHHH. \ 

B mpeabiqyueM Halliem cooOujeHun (') MbI ONHCamH mpespamenve 1-dpypu 
aJIKaHOJIOB-3 B 2-H-IIpONHJI-5-aiKHJITeTparHypopypanbl B YCIOBHAX ruApUpc 


aBsleHHH. 
| : Hy, Prec ge 
of CIREHAGHCR “ppomaage > CHCH,CH, of 
OH 


Hexoyupie coequHeHia — 1|-cbypuuankKaHoubi-3 — OblIH NoyYeHb! KaTaHTy 
yeCKHM THApHpoBanuem (bypypHuiuzeHkeTOHOB — MpoAyKTOB KOHeHcanuy 
cbypdypoa Cc alHdaTHyecKHMH KeTOHAMH. | 

Konyexcalua dbypdypova c avlberufaMv, Kak 9TO BHIHO H3 MpHBe_eHHo 
HWKe CX€MbI, Jae€T BOSMOXHOCTh CHHTESHPOBATb TaKHe AMaJKUJITeETParnzpody 
paHbl, y KOTOPbIX OfHa aJIKMJIbHaA Ppynna HaxoJMTCcA B B-NOOKeHHH: 


i] 
‘ R oa 
f fe) 0 } 
oN ae or eg po atl H=t—cZ SS [laguuaiies — 
: on, J é 
5 a 8 a us 


ae we 
U 
R (i R 
HeePC | oH CHACH,CH—CH,CHCH é + H,0 
220° itd 5 oa i eee ra 
OH OH 0 


MoI NpoBem KoHeHCaHIo cbypyposa C MpOMMOHOBHIM, MACIAHbIM MU H30BaJe 
PHaHOBLIM avbyerugqamu. Tlomyyenupie a-ankus-B-cpypusakpomenup (I) Onin 
BOCCTAHOBJIEHbI B CooTBeTcTBy1oMHe 1-:bypHu-2-aikusmponanoupi-3 (II), Kota 
pple 3aTeM THPHpoBaHHeM Ha IWaTHHUPOBaHHOM yrvie MO MpoTOUHOMY MeTOLY 
MIpeppallainch B 2-4-MponHu-4-amkuTerparuszpodypaun (III). | 

CuutTes aankua-S-dhbypuaakponeuuos (7). K_ cmech 
700 Ma Bogpt, 300 Ma sTHIOBOoro cnupTa u 10 r exKoro HaTpa, OXaxKeHHOH J 
0°, npHOaBAocb MpH MomemmmBanun 95 r dyphypona u 3aTem B TeyeHHe 4 
5 wac. 1,4 r-mowel anbgeruga. Tlocne nepememmBanua B Teuenue 1 uaca np 
KOMHATHOH TeMMepaType, PeaKIHOHHaA CMeCb HeliTpasH30Balacb yKCyCHOi 
KHCJIOTOH, BbIMaBIee TEMHOe MACJIO MIPOMbIBAOCb BOOM HU MeperoHAOch Mp 
TOHMKEHHOM jlaBJIeHHH. 

Takum nyTem Oplmu MouyyeHb a-MeTus-8-bypuakpomenH (T. KUM. 92—94' 
mpu 8 MM), a-aTHI-8-cbypusakponenH (T. Kum. 92—94° npu 6 mM) u a-“30Npo 
nuJI-3-bypHlakposenH (T. Kun. 89—91° npn 5 mm) c BpIxofamu 60—70%. 

HLpupoBaHuHe @-anKuaA-B-hb@ypunmakponeuuo!) 
Bl-dypua-2-ankuanponanoanu-3. a-Ankun-8-bypunaxpo 
JICHHBI ObWIH NpeBpalleHb! C BbIXO,amH 75—85% B cooTBercTByr1oulMe 1-pypus 
2-aKWJINponaHousbl-3 THLPpHpoBaHuem B KAKO case npu 120—130° na cKene 
Hom Cu — Al-katanusatope. Karanusatop B Bue HeOOMbIIMX KYCOUKOB FoTo} 
BHJICH OOpadoTrKoH cnmaBa Cu — Al (30% Cu) 20% pacrsopom eqKoro HaTpa 
B3ATHIM B KOJIMYeCTBE, HEOOXOAMMOM JIA YAaJIeHHA OKOJIO MOJIOBMHBI BCero AVIIO} 
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munua. Ilonyuennpie 1-cbypu-2-ankusmponanoubi-3 neperoHaAmuch pH MoHU- 

9KCHHOM JlaBJICHHH MW OOaanu CueLyIOuLHMM CBOMCTBaMH: 

_ 1-®ypua-2-metusnponaunou-3, T. kun. 72—74° (4); d7® 1,0243; n® 1,4785. 
1-Dypun-2-sTunnponanon-3, T. Kum. 81—82° (3); di? 1,0059; nj? 1,4797. 
1-Oypun-2-usonponusmmponanon-3, T.Kum. 98—99° (4); d;° 1,0013; 

np 1,4846. 

IIpeppameuue i-pypun-2-ankuanponanonos-3 
B 2-H-Mponmua-4-ankuaTeTparuxapodypaun. 1-Oypua- 
2-aIKMJINpOMaHkoubl-3 NokBeprasuch rM{pHpoBaHHI0 Ha MaTHHApOBaHHOM yrule 
B MpoTOuHOw cHcTeMe Ip OObIKHOBeHHOM JlaBuleHuH. IIpu stom mpoucxosuso 
MpeppalleHve yKa3aHHbIX CIMpPTOB B 2-H-Mpomus-4-ankusTeTparugpodbypausl. 

aMOOJIbUIMe BbIXOLbI TeTparuszpodypanos (65—80%) nomyusamcb np Temme- 
patypax 215—230°. 

Karaiu3aTop — lJlaTHHMpoBaHublit yrowb, coxepxamui 10% mnuaaTuunr, 
POTOBMJICA MIPpOMUTLIBAHHEM AKTHBUPOBaHHOrO YTWIA pacTBOPOM MWaTHHOXJIOpH- 
STOBOROPOAHON KUCOTHI HM BOCCTAHOBJICHHeM ee BOJOPOZOM B peakILHOHHoli Tpy6- 
ke npu 250—320°. Tlonyuenupie 2-n-nponua-4-ankusTerparuapodypanet Opi 
feperHaHbl Haf_ HaTPHeM IPH OObIKHOBeEHHOM JIM TMOHW2KeHHOM JaBJIeCHHH; 
DH oOOsalanu ceqyIOuUlLuMu CBOMCTBaMH: 
| 2-x-IIponus-4-metustetparugpopypan, TT. kun. 148—151° (750); 
tp 1,4226: d;° 0,8463. MRp unalineno 38,54; C,H,,O, seraucneno MRp 
#5,59." 

2-n-ITponua-4-sTustetparngzpodypan, T. Kun. 63—65°(19); n® 1,4280;d2° 
0,8465. MRp_ uHatigzeno 43,23; CyH,,0, Bbuncneno MRp 43,21. 

2-H-IIpo nua-4-u3onponustetparnapopypan, T. Kun. 64—67° (11); np 
1,4316; dy 0,8478. MRp uaiigeno 47,77; C,,H2,O, Bprucneno MRp 47,82. 

HUVsomepu3anuuawr 2-nA-1ponua-4-ankKuaATeTparugp o- 
d@ypauvHosB B asudaTwyeckve KeTOHbI. Panee MbI ycTraHoBusH (°), 4TO ro- 
MOJIOrM TeTparuspopypava MOryT H30MepH30BaTLCA B aMdaTH4uecKHe Kap6o- 
HUJIbHbIe COCMMHEHHA B apoBoli (pase H2 MaTHHOBOM KaTawusarTope. Ilowy4ex- 
Hble 2-H4-MpoOnv-4-aKMJITeTparuzpoypanbl MbI MOXBeprid H30MepHsallHu Ha 
Pt — CB naposoit dase npux 300—320°. B cormacnu ¢c HalivMA NpexHHMM JaH- 
HEIMH (*) OKa3a0cb, YTO 2-A-pomnHu-4-aKMJITeTparnypodypavbl TakxKe 30- 
IMepu3yI0TCA B alMdaTuyeckHe KeTOHHI! C BLIXOZaMH 80—85%: 


okt R 
foe] Pic 
‘ sae CNC Tian eae a) 
CHyCHeCH,% ‘o* iu 


R=CHs, CHs, ws0-CyH, 


O6pasyrouyueca amMcaTH4ecKHe KeTOHbI BbILeIANHCb H3 MpokyKTOB peakiuMH 
pasroHKol KaTau3aTa Ha KOJOHKe IPM HOPMAJIbHOM HJM MOHWKEHHOM /laBule- 
Huu. Visomepus3auelt 2-H-mpomuu-4-meTuirerparuzpodpypana Opi noyueH 
2-merusrentanou-4, T. Kun. 154—156°; nj? 1,4108; dj? 0,8125. Cemuxap6a- 
30H, T. Tat. 123—124%, 2-x-[ponua-4-9THITeTparuApoypaH B pesyJbTaTe H30- 
Mepu3aunuu flan 3-MeTHJIOKTaHOH-5, T. KUHN. 59—60° (10); nb 1,4212; 
:d?90,8236, Cemukap6a30H, T. Wd. 61—62°. V3 2-x-nponuui-4-H30nponH- 
Terparuypodypana Oni nosyyen 2,3-4MMerunoKTaHOH-5, T. Kum. 55—56° (4); 
70/1, 4285; 42° 0,8341. 

Wucrutyt opranuyeckoit xumuu um. H. JI. 3eamucKoro Tocrynuno 


Axayemun HayK CCCP 414 XII 1960 
LMTHPOBAHHAS JIMTEPATYPA 


} 1.0. Benscxnd, HU. Wyixud, TAH, 128, 945 (1959). 2 A. Hinz, 
G. Meyer, Geesehticking. Ber., 76, 681 (14943). ° 7 flywtebneon. (©. 
Beambcku ii, JTIAH, 120, 248 (1958). 
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Wornann Akazqemun wayk CC GP 
1961. Tom 137, Ns 3 


®H3SHYECKAA XHMHA 


MW. A. AKHMOB 


HSMEHEHHSA B CHEKTPAJIBHOM PACIIPEXEJIEHHH 
COBCTBEHHOrO HW CEHCHBHJIHMSHPOBAHHOLO SOTOIPPEKTA 
B FAJIOTEHHAAX CEPEBPA TiPH CJIABOM 3ACBEUHBAHHH 


([Tpedcmaeaexo axademuxom A. H. Tepexunoim 31 X 1960) 


MoToxuMHyecKHe MpeBpallleHHA CHJIbHO 3aTPYAHAIOT HccleqoBaHHe dorTo- 
9JIEKTPHYeCKHX CBOHCTB PaJloreHuoB cepedpa. Ilostomy Oo1buIMHCTBO M3Mepe- 
HHH (OTOMPOBOMMOCTH STHX BeWLeCTB BbINOJIHCHbI Ha MOHOKPHCTaJIaX, KOTO- 
pple O6slaaoT ca6oh dboTOXHMHYeCKOH YyBCTBUTebHOCTHIO (1). OHako B pA- 
ye CulyuaeB, HallpHMep, JIA U3yYeHHA ONTHYeCKOH CeHcHOuNHM3aHNU coTosdpek- 
Ta, HeOOXOJ,HMO MIpHMeHeHHe jIMcnepcHEIx cyioeB. Mexyy TeM, pe3yJIbTAaTbI: OoJIb- 
meh “wacTH H3MepeHHH oToToKa, 
BBITOJIHCHHBIX Ha TMOpOuTKooOpa3- 
HbIX CJIOAX TasIOreHHJOB cepedpa 
(7-4), celyeT, M0-BHHMoMy, OT- 
HeCTH K 3aCBeYeCHHbIM OOpas3ilaM. 
IlpuH ompeqeteHuH cieKTpaJibHo- 
ro pacnpeseieHHaA coTompoBogH- f 
MOCTHTaJlOHHocepeOpAHbIXSMYVJIb- F 
CH 9Ta TpPyQHOCTb Opa oOol- F 
yleHa MpHMeHeHHeM JIA KaxKoro Ff 
TlocsieLyloulero U3MepeHHA HOBOrO, | 
HesacpeyeHHoro yuacTKa IvleH- } 
KH (°,°). Ho Tako mpwem MmoxeT Ff 
ObITh HCHOJb3OBaH JIMIIb IA Jo- | 
CTATOUHO IIpOTA2KeHHBIX OHOpOL- F 
HbIX CJIO€B. 

B wactosijeh padote Opivia 
paspaOoTaHa ycTaHoBKa JIA H3- 
MepeHHA CNeKTpabHoro pacmpe- 
J\eJIeHHA (OTOMpOBOAMMOCTH Novy- 
IIPOBOAHHKOB, OOsaalouluxX dOTOXHMHYeCKOH UYBCTBUTEIbHOCTbIO, pH UX 
cla6oM 3acBeuHBaHHH. Ha 9ToH ycTaHoBKe MpoBeleHo HccuIeqOBaHHe Ha Mo- 
POllkKoOoOpasHbIX CJIOAX OpoMucToro HM xvopHucToro cepebpa. 


Puc. 1. Cxema ycTaHOBKH JWIX W3MepeHHA cmek- 
TpaIbHOrO pacnpefeseHHA hOTOMpOBOAHMOCTH 


QKCTeEPHUMeCHTANIBHAA YACTH 


IIpuuyunuaibHad CXeMa yCTaHOBKH lIpHBeseHa Ha pyc. |. Caer of wammbt | 
HakaJIMBaHHA, MpOMOLyJIMpOBaHHbI AucKom (JJ) c uactroronH 600 ru, dokycu- 
PpOBaJICA Ha BXOJHYIO UleIb ABTOKOJIJIMMAI\HOHHOrO MOHOXpoMaTopa CKOpocT- 
Horo ciektpometpa (cm. pue. 10 (*)). potas uepes KBapleBylo mpu3my, cBeT 
Maal Ha 3epKavio (3), KOTOPOMYy C MOMOULbIO Ky/lauKOBOrO MexaHH3ma (K) 3a- 
WaBaslocb KoJeOaTesbHOe ABH KeHHe Cc yacToToH | rn *. IIpu Kaxyom Kome6aHHH 


* Bpema peslakcalHH doToToKa B HCCJIeAyeMbIX CJIOAX TasloreHHZOB CepeOpa, H3MepeHHoe 
HaMH Ha TayMetTpe, OblJio nopsfzKa 10-4 cek., MOSTOMy HHEpUHA MpHeMHHKa pH MpHMeHAeMBIX 
CKOpOCTAX CKaHHpOBaHHA He BHOCHJIa HCKaxKeHHii B H3MepeHHa. 
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epkasa Mepel BbIXOAHOM UleIbIO MOHOXpoMaTopa MmpoGeras Becb CMeKTp B O6- 
acTu oT 1000 mp go 350 mv u o6parHo. Bunmenuuii v3 MOHOXpoMaTopa CBeT 
Onaga Ha oTOCONMpoTHBAeHHe Yepes 3aTBOP, KOTOPbIlt OHOKPAaTHO OTKPEI- 
asica Ha 0,5 CeK. C MOMOUIbIO pede, BKOYABIerOcA CHHXPOHHO C HawaJioM Mmpo- 
OxKeHHA cnekTpa oT 1000 mu xk 350 mp. 

I]pHeMHHKOM H3J1yYeHuA TIpM HcceLoBaHuM COTOMPOBOLUMOCTH ABJIANOCb 

lOTOCONPOTHBJeHHe CO ClOeM MOpouiKooOpa3Horo raslov“AHOoro cepeOpa Ha CTeK- 
(AHHOM IJIaCTHHKe C MaTHHOBbIMH IQJIEKTPOaMu, a pH HCCeLOBaHHu orTo- 
. A. C. B KOHAeHCaTOpe — CJIOH Nopouika rasoreHufa cepeOpa Mexkyly cOA- 
‘IMM MpokayKaMu KoHJeHcaTopa. Bce mpuroToBuTesbHble onepaluu Cc rasio- 
eCHHaMH CepeOpa MpoOH3BOAMJIMCh Tip HeaKTHHM4HOM cBeTe. M3mepeHus mpo- 
eHbI Ip pacKpbITHH Wesel MOHOXpomaTopa Ha 0,5 mM (qucHepcua y 400 mit —- 
0 A/um, y 700 mp — 240 A/um), npu stom 3a Bpemsa u3MepeHHA OfHOFO cHeKT- 
a Ha CIO Mafaia 9Heprua NopsgKa 10~-° Br/cm?. CurHa doroToKa mosaBasics 
a BXOM y3KONoJlocHoro ycHuMTeia (Y) * c nomocoH mponycKkanua 600 +- 
E15 ri, Mw Kosddunnentom ycuuienusa 70 000. Ha Bprxoge ycusiMTeA CUrHad BI 
PAMJIAJICA HM NoapaicA Ha BXOY ocuHIorpada QHO-1, 3sanyck wy4a KoToporo 
ICYULECTBIAJICA Yepe3 XRKAYULyIO pasBepTKY HMMyJIbCOM, CHHXPOHH3HPOBaHHbIM 
HavaJIOM NpoOxoweHHA cieKTpa. 
_ Takum o6pa3om, Ha 9KpauHe ocunJsorpada HaGmoqasach KPUBas CieKTpaJb- 
oro pacipeseseHuA oToToKa (HIM (oTo-9. A. Cc.) Hcceqyemoro C/OH, He Me- 
€CUHTAaHHadA Ha eMHHLY Naame sHepruu. IIpH u3smepeHuu doro-9. I. c. 
(OHJCHCATOPHbIM MeTOJOM, IpHOop B COveTaHHH C CHHXPOHHBIM JeTeKTOPOM 
5°) MOSBOMA ONpekeATh TaKxKe 3HAK 3apsa HocuTeNel oTOTOKAa B pasvIH4- 
bIX yUaCTKax CMeKTpa. 


O6cyKRenHue pesyAbTATOB 


VismepeHuA ObluIH MmpoBeyeHbI Ha HeOKPpAalleHHBIX TaJloreHuyax cepedpa, 
i TaKKe Mocwie alcopOun Ha HUX OPraHHyecKHX KpacuTeslelH —CeHCHOHIM3aTOPOB. 
[ia Kaxjoro oOpa3sia H3Mepsiacb CepHA CheKTpoB. OTmMuHe KaxKoro Mocue- 
yioulero cieKTpa oT Mpespilyulero Opiwio oO13aHO cboTOXHMMYeCKOMY H3MeHe- 
(MIO CJIOA B Pe3YJIbTATe 3aACBEUMBAHHA paluallHel, MOrOMeHHOH OOpasiloM 3a 
speMA H3MepeHHA Tpesbiqyulero cnextpa (0,5 cek.). 

Ha puc. 2 noka3aHo, Kak MOCJIeOBaTeJIbHO B Tipolecce 3aCcBeYHBaHHA H3Me- 

[AJIHMCb CI€KTPbI (PoTO-9. 1. c. (2a) Hu toTOMpoBosuMocTH (26) SGpomuctToro cepeb- 
a. AHAJIOrHYHbIe H3MeHeHHA HaGMOLaucb Jia XsopHcToro cepeOpa. Poro- 
, I. C. He3acBeyeHHoro OpomucToro cepeOpa HMewla KpacHyto rpanuny y 480 mu 
[ MakcHMyM y 390 mit, a fuIA xJopucToro cepeOpa — cooTBeTcTBeHHO 395 my 
[ 365 mt. B mpolecce 3acBeuHBaHHA BO3HUKAJI NPOBaJ B CIeKTPaJbHOM KPHBOL 
OTO-3. I. c. Aa AgBr y 415 mp u yaa AgCl y 380 Mp, M Ha JJIMHHOBOJIHOBOM 
:paio CMeKTpa MOABJIAJICA HOBbIti MaKCHMyM y OpomucToro cepeOpa oKouIO 
50 Mt Hy xsopucToro cepeOpa okovio 385 Mit, H, Kpome TOrO, yMeHbllaslacb 
JOTO-9. A. C. BO BCE KOPOTKOBOJIHOBOM OOIaCTH. 
_ Vismepenua c CHHXpOHHbIM JeTeEKTOPOM NOKa3aJIH, YTO B HMCXOHBIX — He- 
JACBEUCHHBIX NOpomkKax AgBr u AgCl 3Hak cboTo-9. J. C. cooTBeTcTByer Ludpy- 
MM 3JIEKTPOHOB B Ily6b COA OT OCBellaemMol NoBepxHocTH. Ilo Mepe sacBeyn- 
AHUA COA SJIEKTPOHHHIM AudppySHOHHbIM TOK YMeHbIUAaJICA, a NOABJIABIUMHCA 
ia J IMHHOBOJIHOBOM Kpalo HOBbIti MaKCHMYyM OplJIl OOa3aH MdpysHu MoOO*KU- 
CJIbHBIX JILIPOK B TvlyOb CJION. 

VMnoli Xapaktep H3MeHeHHi Np 3acBeuMBaHHH HaOwUOMaJICA B CMeKTpax o- 
OMpoOBoLNMocTH. PoTOMpoBOJUMocTb He3aCBeYeHHbIX MOPOWIKOB Opomuctoro 
epeOpa umMeua KpacHylo rpanuny y 490 mv u Makcumym y 400 MY, a sa Xxulo- 
ucToro cepe6pa — coorsetcrBeHHoO y 400 my uv 380 mv. Ilocme mepBoro ocBenye- 
ns ClO, KAK BHAHO Ha puc. 2, (tPOTONpPOBOAMMOCTh Mp BTOPOM OCBellLeHuu 


 * Bsuyy Toro, yo B uCCreLyeMbIx CrekTpax (POTONPOBOAUMOCTH MOJOCKI FOCTAaTOUHO WHpo- 
He, HMCeTCA BOSMO?KHOCTb IIPHMCHHTb 31€Cb YSKOMOJOCHDIM YCHJMTeIb, B OTHUHE OT HCMOvIb- 
YeMBIX OObIUHO B CKOPOCTHBIX CIeKTpOMeTpaX LIHPOKOMOJIOCHBIX yCHIHTeNeH (7). ITO NOsBOAIO 
bn HCCIeqOBaTb (oTOTOKH mopaAyKa 107% a. 
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Bospactaia Ha 20—30% paBHoMepHo mo BCemy cnekTpy. IIpu nocnexzyonny 
3aCBEYHBAHUAX (POTOMPOBOAMMOCTh yMeHbuaacb. IIpH sToMm HavOoulee CHIby; 
HbI€ H3M€HeHHA (POTOTOKA MPOHCXOLHJIM B KOPOTKOBOJIHOBOM OONAaCTH CHeKTpalh 

YxKa3anHble H3MeHeHHA (cboTo-3. A. c. H cdoTompoBoyumoctu AgBr u AgChy 
HeoOpaTuMbl H CBA3aHbI, 1O-BHMMOMy, C (OTOXHMH4eCKUM H3MeHeHHeM 3THH 
BelLeCTB. 


Dama 20C 


500 400 M lL 


DITO MOKe 


=< 


Pomaomor 


700 600 


Puc. 2. CmektpalbHoe pacnpezemenue 
(poTo-9. A. Cc. (a) H coTompoBoyzHMocTH 
(6) B NopomtkooOpa3HEIx COAX 6pomuc- 
Toro cepeOpa. / —nepBoe H3MepeHHe 
cieKTpa, 2 —BTOpoe H3MepeHHe H T. J. 


Puc. 3. CnektTpaibHoe pacnpefemenve 
(OTOMPOBOAHMOCTH CJIOA OpomucToro Ce- 
peOpa, oKpaleHHoro KpacuTeiem HoqMI- 
1,1’-quaTHI-3,3,3’,3’ - TeTpaMeTHJITHakap- 
6ouvanHH (KoHu. 10-4 Mon/n). 1 — mep- 


Boe W3MepeHHe cneKTpa, 2— BTopoe 
H3MepeHHe H T. J. 


Ha6n0aemple ABJIGHHA MOFyT ObITh OODACHEHDI JIMMUIb IPH MpesNoowKeHHH, 
UTO (POTOMPOBOAMMOCTh ABAAeTCA OuNOMApHOK. TloceqHee OblwIoO ycTaHOBJeHO 
paHee JA MlaBJIeHbIX CloeB Opomusa MU xsopuya cepedpa ('°), B HesacBeyeH- 
HbIX CJIOAX MpeoOmaaeT BJIeKTpOHHadA KOMMOHeHTAa (B MOHOKpHucTamiax AgBr 
u AgCl (“) nogxBwxKHOCTb JbIPOK MHOFO MeHbILMe MOABMXKHOCTH 9JICKTPOHOB). | 
BosMoxKHO, YTO B pesyJbTaTe 3aCBEYHBAHHA KPHCTaIa B 3allpelleHHOM 30He 
BOSHHKA@IOT AKILEMTOPHbIe YPOBHH, Ha KOTOPbIX 3aCTPeBaIOT SJIEKTPOHb! H MO9STO- 
MY, POJIb JbIPOUHOM CocTaBIAIONeH yBemMuMBaeTcaA (°), a OOpasoBaBIUHecA WeHT- 
pbl CO3qaIoT Ha KpalO MOFJIOULeEHHA KPUCTAaIa JONOHUTeIbHYy!IO MOIOcy M0-| 
ruioujenua (1°). Kpome Toro, H3MeHeHHA B Audiby3HH HocHTeJel PoTOTOKa 4a- 
CTHYHO MOryT ObITh B pe3yJIbTATe YMCHbILNEHHA HMeBIUIerocA B HesaCBeYeHHbIX 
MUKPOKpHCTaax H3rn6a 30H BBepX 9KPaHHPOBKOH MOBepXHOCTHbIMH 3JIEKTPOH- 
HbIMM YPOBHAMH, BO3HHKAaIOUIHMH pH 3acBeynBannn ("). | 
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Panee Oplvlo ycTaHoBJIeHO, 4TO B Ho_Nsax cepeOpa u TanMa HadmMO,aeTcaA 
SHAUHTeIbHaA CeHCHOUM3alMA BHYTpeHHero doTospekTa KpacuTeAMu, a 
'B Opomuyjax ona oueHb Maa (1%-16 4), ViccneqoBpanve BMAHMA 3aCBeUMBaHHAL - 
‘Ha CIe€KTPbI POTOMPOBOAUMOCTH MOpoulKoOOpasHbIX COeB Gpomusa u oxusa 
cepeOpa, OKpallleHHbIX WMaHHHOBbIMA KpacvTeJiMH — CeHCHOMM3aTOpaMdy, 
IIpHBeIO K CJIeELYIOWLMM pe3yJIbTaTaM. 

B AgJ cencuOunusupoBanHpili dotosdpekT mpH 3sacBeyNBaHMM COBepleHHO 
He Meusetca. B AgBr B mpomecce 3acBeuHBaHHa CJIOA (oTOSIeKTpHMuecKan 4yB- 
CTBUTCIbHOCTh B OOMACTH MOrOWleHHA KpacHTeA ObICTpO YMeHbIIaeTCA, cTa- 
HOBACh HeSHaUHTeJIbHOH MO CpaBHeHuio c choTosdekToM B OOMACTH MOrOuLeHuA 
‘camoro Mo/lynmpospogquuka. Ha pwc. 3 noka3aHo, Kak Mp MocseloBaTe/bHbIXx 
| 3aCBeUMBaHUAX M3MeCHAeTCA CIeKTPaJIbHad KPpHBad PoTOMpOBoAHMOCTH Opomu- 
cToro cepeOpa, OKpallleHHoro THakapOolnaHOBbIM KpacuTesieM. 

HaOmtogaemoe ucuesHoBeHve CeHCHOMIM3HpoBaHHoro dotosdpexta B 6po- 
‘MHCTOM cepeOpe ecTeCTBeHHO OOBACHHTb pa3spyuwieHHemM KpacuTesA Opomom, 
BbIJeAIONIMMCA B pesyJIbTaTe cboTOXHMHYeCcKOorO passlomKeHua AgBr. Cuepyer, 
OMHAKO, OTMETHTb, YTO AaxKe B He3aCBEYeHHEIX COAX OpomHcTorO CepeOpa s¢p- 
‘eKTHBHOCTh CeHCHOHIM3aNHM coTospeKTa Ha MOpAOK MeHbIIe, 4YeM B House 
cepedpa. [IlocaeqHee o6ycIoBsIeHO, MO-BHXHMOMY, BO3MOXKHOCTbIO Mepelaq 
‘SHeEpPrH OT KpacHTeA-ceHCHOMNM3aTOpa Ha JIOKAJIbHbIe, 3JIEKTPOHHbIe YPOBHH 
‘Ha MoBepxHocTH nNowynpopogzunKa (#,9,1%-1), 

B 3akioueHHe BbIpaxkaio ratyOoKy10 OnaroapHocrh akag. A. H. Tepenuuy 
3a NOCTOAHHIM HHTepec K paOoTe H WeHHbIe COBETHI. 


Tlocrynuuio 
25 X 1960 
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Horxagn Akaygzemun nwayk CCCP 
1961. Tom 137, Ne 3 


PH3HTECKAA XHUMHA 
Axanemuk A. A. BAJIAH]MH, akanemux BHKT. H. CIMLUbIH, 
H. ll. JOBPOCEJIbBCKASA u H. E. MMUXAWJIEHKO 


PAX MOAKTHBHBIE KATAJIMSATOPbI 


AETUAPATAWHA WHKJIOTEKCAHOJIA HA] CYJIbB®ATOM MATHUA 
‘A XJIOPHCTbIM KAJIBILHEM 


B mpefpizyuiem coo6ujenun (1) Oblio MOKasaHO, 4YTO Ha Hpomecc KaTasu- 
THYeCKOH JerHfpatTaluu WHKMOreKcaHOa CyUeCTBeEHHO BJIMAeT MpHucyTCcTBHe 
B KaTamH3aTope (MgSO,) payuoakTMBHOoro w30TOMa cepHl-35. 

B jaHHoli paOoTe H3y4eHA 3aBHCHMOCTb BbIXOJla peakIMH OT 3HeEprHHn 
U3J1YYCHHA MpHMeHHeMoro M30TOMa MpH OAHHX MW TeX %e 3HaveHHAX aOco- | 
JIOTHOH @KTHBHOCTH payMOakTHBHOTO KaTasH3atopa. Jima cpaBHeHHA Cc JeH- 
cTBHeM S®° (Eyaxc = 0,167 Mos) Obi BbI6paH Takxe B-H3my4YaTenb — Ca* 
(Enaxc = 0,254 Mos). Ca® c BpI- 
COKOH yeJIbHOH AaKTHBHOCTbIO 
Tlerugzpatauusa wuKsorekxcanona nag MgSO,+CaCl, ovlydasics O6yyeHHeM MepieH- 
HbIMH HEHTPOHaMH C MOLLHOCTbIO 


Ta6Oanuna 41 


XapaktTepuctuka peliat Atlan be ct rherees 0,8 - 10'/cm? -cex 
NM erreasaanede AER PS TUS ; / 
Baqun mpowec- KApOOHATa KaJIbILMA, OOora- 
KaTaJluw3a- ca feruypata- 6 

sink conepx, CaCl,,| a6c, axrun. WH RuKaorex- ICHHOTO | CTaOWJbHBIM HS0TO- } 
Bec. % | Hocte, MCu/r | ya anoes, mom Ca**, Myentupukauua 06- 
i pa30BaBIIMXCA palMvoakTHBHBbIX 

H30TONOB IpoBofsusiacb Ha 

: ane ee CUMHTHJIIAIHOHHOM = CIIeKTpo- 
5 * 100 93,7 ny Metpeco 100-KaHaJIbHbIM aMI- | 
3 13,82 0 17,8 JHTYIHBIM aHasu3aTopom. Ilo- 
‘ve ee ae re yyenubiit B-cnekTp moka3aq 
’ ’ 45 4 

At 96°99 24 6 18°3 Hammuve Ca*®, Onnako mpe 
5 49°87 0 16.4 TlapaT MpoABaAn wu cmadyr1o 
Be 49,82 Ye ae 8 ak Fs) Y-aKTHBHOCTb, He CBOHCTBeH- 


Hy!o Kasibynio-45. W3mepen- - 

Has OTHOCHTebHBIM MeTOJOM TO STaJIOHy palHaA, OHA OKa3aslacb paBHOH 

0,010 mr/akB Ra wa 1 r CaCOQ;. OdHapyxeHHan Y-aKTHBHOCTb oOycsoBeHa 
IIPHCYTCTBHeEM He3HauHTebHOrO KOHMUecTBa Fe°?, 

PayuoakTHBHBIi XJIOpHCTHI KabIH Momyyaca RoOaBsenuem 18% HCl 


x 
K CaCOs lo ero pacTBOpeHHA, MOCeLYIOULHM BbINAapHBaHHem Jlocyxa H MpoKaJu- 


x 
BaHveM TlosyyeHHou coun mpu 400°. Usmepenue a6comorHo akTHBHOcTH CaCl 
TIPOBOLHOCb C MOMOMIbIO TOPILOBOrO HM 4st-cueTUHKOB. 

PeakuwaA jleruspaTaluu WMKJOrekcaHola HW3y"alacb Hal CMeCbIO cove 
MgSO. u CaCle. PaquoakTuBHble KaTaJIM3aTOpbl NPHFOTOBMAMHCh Ce YIOULHM 
o6pa3o0M: K HepajlMoaKTHBHOMy cyJibbaTy MarHHa LoGaBAOch ompeemeHHoe 

x 


KoslM¥ecTBO pacTBopa CaCl,, uTo6rr npenapat MgSOa G6pisl uM cmoueH. Jamee 
cMecb covleli HarpeBasiacb Jo 400° u BbiqepxKUBaslacb Ip 39TOH TemmepaType 
2 uaca. HepaynoakTuBHble KaTaJIM3aTOpbl TOTOBHJIMCb B AaHaJIOPHUHbIX yCJIO- 
aquAX HM C TeM Ke cofepxanHem CaCly. 

XapakTepHCTHKa HCHOMb3OBaHHBIX KAaTaIM3aTOPOB MpescraBsieHa B TAG. 1. 
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TleruApatauuA WukKsoreKcaHoula u3y4aslacb B TeMMepaTypHOM MHTepBawe 
350—420°. Cxema ucnomb30BaHHoi annapatypp omucana B (!). [uKaorexca- 
“HOJI MofaBasicah co ckopocTsio 0,2 ma/Mun. Hapecka KaTamMsaTopa mopsgKa 
0,25 r B Buse 3epeH Auametpom 1—2 mM Haxofumacb B KBAPIleBOM BCTAaBHOM 
peaxtope. Ilpogyxkrt peakuuu coOupanucb B Ox/axKaeMOM Bool IpHemMHUKe. 
‘CofepsKanve HelpeeibHbIxX yrvieBolopoqoB B xKaTaIM3aTe oMnpesemsoch 
OpoMoMeTpHuecKHM THTpoBaHnem. 
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a 

0 20 40 60 8) 100%CaCL, 


ai 
9 pe ser OO eet 
ee! ORNGSD, TUS a0 aor aie 
ees 1 Puc. 2 


Puc. 1. 3apucuMocTb KaTaMTHyeckol akTHBHocTa MzS0O4 or q05aB0K CaCle (389°) 
Puc. 2. BausaHHe pagqvoakTHBHOrO H3ly4eHHA KaTaiH3aTopa Ha ero KaTaHTi- 
YeCKY!IO aKTHBHOCTb 


I]pu conocTaBsieHHW KaTaIMTHYeCKOM AKTMBHOCTH OOpasiloB, O KOTOPoli Mox- 
HO ObIIO CYANTb Mo CTeMeHH MpeBpalleHHA CNupTa pH aHHOl Temmepatype, 
OKa3aJlocb, 4TO YHCTHIN cybdaT MarHuA HanOoviee akTHBeH. JLo6aBKH K CyJIb- 
cary MarH¥A XJOPHCTOFO KaJIbILMA BHISbIBAJIM SHAYMTebHOe YMeHbINeHHe KaTa- 
wMTHYeCKOM akTHBHOcTH (puc. 1). XmopucTHH Kaban 6e3 cyabdbata MarHna 
OKa3aJICH HHEPTHbIM B JaHHOH peaKkiHH. 


Una 


~ 
ba 
NF DO OM F HD 
os 
if 
* 
Go 
AS 
* 


lg ydenonod 2 
anmu6nocmu on ie 


100 Pia ae Aen 
ve : 6 r5 
: : ut 68.08 4 8 602 4 8 
710 110 710” 36/2 cex 10000 __, 
MuwHocms Cosel T 
Puce. 3 Puc. 4 


Puc. 3. Yeemuuenve cTreneHH MpeBpallleHuA WAKMOreKCaHO/1a B 34BHCHMOCTH OT yAebHOn pasno- 
AKTHBHOCTH KaTalu3aTopa (ad) H MOUIHOCTH JO3bI, MoywaeMOH KaTaH3aTOPOM (6) (410°). 7 — 
MgSOa + CaCle, 2 — MgSOg +- NagSOa. 


Puc. 4. 3aBHCHMOCTb KOHCTaHTbl CKOPOCTH peaKUMM OT OOpaTHoll Temmepatypbl 


Bo scex uccmeqopaHHEIx cmecix MgSO: — CaCle, mocme BBeeHua B HUX 
alMoakTuBHoro u30ToNa Ca*, HaOuloalocb yBeJIMYeHHe KaTaJIMTH4eCKOH 
“fae Se OnuaKxo uucrptit CaCl, qaxke pH BbICOKOM CogepxKaHHu Ca* 
(93,7 m Cu/r), Kak M HepaymoakTHBHLI Mpenapat, NoKasan ceOs UAAUdpepenT- 
‘HBIM B aHHol peakumu. Takum oO0pa30M, MOXxKHO yTBepKLaTb, 4TO He Camo 
| B-va1yyeHHe pakMoakTUBHOrO UBOTONA B.MAeT Ha KMHETHKY Mpolecca LeruApara- 
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IMM WHKJIOreKcaHowla, HO HMeeT MeCTO BO3OyxKeHHe B-uaCTHILAMH HM BbIOMBAae- 
MbIMH HMM BTOPHYHbIMH 3JIEKTPOHAMH aTOMOB KaTaJIM3aTOpa, KAKHM ABJIAeCTCA 
MgSOs. 

Ha puc. 2 mpescTaBJleHbl JaHHble O 3ABHCHMOCTH CTenmeHH MpeBpallleHusn 
WHKJIOrekcaHowla OT TeMMepaTypbl peakuHH. Katanu3aTopbl O§MHAaKOBOrO Co- 


cTaBa OO03HaYeHbI OJLMHAKOBbIMU HOMepaMH, HO paqvoakTHBHbIit o6pasell OTM€- -& 


yeH 3Be3f04KOH. MoxKHo BHJeTb, UTO, HanpHMmep, mpu 410° katanusatop 3 ~* 
YBeJIHUHJ CTeMeHb MpeBpallleHHA WHKJOreKCaHOa MO CpaBHeHHIO C KaTaJIH3a- 
TopoM 3 Ha 87%, KaTanM3aTop 4 * Mo CpaBHeHHIo C KaTamu3aTopoM 4 Ha 170% 
WM KaTasu3aTop 5° mo cpaBHeHHIO C KaTasIH3aTopom 5 Ha 486%. SaBHcuMmocTb 
CTeMeHH MpeBpalleHHA OT JorapHdMa yeJIbHOH AKTHBHOCTH KaTaJIM3aTopa Mo- 
ka3aHa Ha puc. 3a. IlyHKTHpHoH JIMHMeH Ha 3TOM PpHCyHKe OOo3HaY¥eHa 3aBHCH- 
MOCTb YBEJINYEHHA CTENMEHH MpeBpalleHHA WHKJOreKkcaHouwa OT JorapudMa yeuJb- 
HOM AKTHBHOCTH, KOTOpad OblJia ycTaHOBJIeHa HaMH pauee (') Ha cyabdarax mar- 
HHA HW HATPHA C palHoakTHBHOH CepoH-35. Pas1MUHBI BU MOJIYYeHHbIX KPHBbIX 
CBA3aH, NO-BHJHMOMY, C pa3HHleH B SHEPrHAX H3JYYeHHA, a CeLOBaTebHO, 
C BTOPHYHBIMH 9dpeKTaMH, BbISbIBAeCMbIMH JeHCTBHeEM Ha KaTasM3aTop B-y4ac- 
THU 6omee BLICOKOH 9Hepruu. Ha puc. 36 Noka3aHa 3aBHCHMOCTb yBeJIMYeHHA 
CTeNeHH TIpeBpallleHHA OT MOULHOCTH Jo3bI OOYGeHHA, NMOMyYeHHOH KaTasmM3a- 
TOPOM, CoOjlepxKaljHM cepy-35 HM KasbuMH-45. MouHocTb Jospt Obiwia paccun- 
TaHa IIpH JOMYyMeHHH, YTO BCe H3J1yyaemble B-4aCTHIUbI MOrowlasuch KaTaH3a- 
TopoM. MoxkHO 3aKJIIOUHTb, YTO yBeJIMYeHHe cTeneHH HpeBpallleHuA B OGOUX 
Culy4¥adx JIMHeMHO 3aBHCHT OT JorapHdMa Jo3bI H31y4eHHA, MOPOuLeHHOM KaTa- 
JIM3aTOPOM, HO Tip Govlee BbICOKOM 9HEPrHH B-YaCTHIL COOTBETCTBYIONLAA IpAmMaa 
Kpyue MOMHMMaeTCA BBEPX. 

Ha ocHOBaHHH MOJIYYeHHbIX JaHHbIX O 3aBHCHMOCTH BbIXOfa peaKILHH OT 
TeMMepaTypbl Obi BbINHCJIeHbI KaxKyUIMeCA SHEPrHH aKTHBallHuM (cM. puc. 4 
u Ta6s. 1). OHH 3aMeTHO BOspacTaloT MpH yBewHYeHHN foOaBKH CaCl. B cay- 
yae paHOakTHBHbIX KaTaJIH3aTOpOB BeJIHYHHA Ex~x. HECKObKO YMeHbIUaeTCsA. 


ViuctutyT cbu3sHuecKol XHMHH Tlocrynuwto 
Akayemun HayK CCCP 24 XII 1960 


UWMTHPOBAHHAA JIMTEPATYPA 


1A.A. Banaunuu, Bunt. H. Crnunun, “HO. foopocenpen aa, 
WM. E.Muxatiaenxko, JAH, 121, 495 (1958). 
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Hokaann Akatqemun nayx CCCP 
1961. Tom 137, Ne 3 


PHSHTECKAA XHMHA 


JI. f. BEPY u JI. A. BOPHCOBA 


O HEKOTOPbIX COOTHOWEHHAX B KOJIM4YECTBEHHOU 
TEPMOTPA®HH 


(IIpedcmaeaeno axademuxom B. A. Ap6ys0eem 29 X 1960) 


Tepmorpaduyeckul aHamu3 — OHH M3 OCHOBHBIX MeTOJOB oOlpeleeHHA 
a3OBoro cocTaBa Weloro pxAa HCKYCCTBeCHHBIX H MPHpOHbIX CoeqMHeHHH. 
(HaKO HM B HACTOAee BPeMA HET JOCTATOUHO NOJIHOM paspaOoTKH KOJIM4eCTBEH- 
aX COOTHOWeHHH B TepMorpadun. He pewieH 1oKa BOMpOc BOSMOXKHOCTH CoMoO- 
*aBJICHHA TIoulaleH, H3MepxAeMbIX Ha AMdpepeHWWaJIbHbIX KPUMBbIX, IA Be- 
eCTB C pa3JIMYHbIMH kosdppHUnHeHTaMHu 
Mulomepeqauw, MOCKOJIbKy  TerVJIOBOH 
mbekT (pa3soBoro MpeBpallleHua mporop- 
fOHaIeH Mpow3sBeleHHIo KosdppuUneHTa 
Muonepeqauw AK wa ruioujagb S, odpa- 
BAHHY!O OTKJIOHeEHHeM udpepeHnivab- 
1 KPpHBOH BO Bpema peakwuH. Iloy Koap- 
MlMeCHTOM TelwJonepelayH MOHHMaercA 
(Cb CYMMa BCeX (aKTOPOB, BJIMAIOULHX 
BcKOpocTh Mepewaqu Tena, T. e. Koap- Puc. 1.Cxema GnoKa M Kpenmenua Tep- 
mMonap: / — 610K H3 KapoynopHon cTalu, 
MIM€HTOB TelJJOMepexoa, TeMNOMPOBON- 9 peaxunonnetli cocyx u3 mMpeKca. 
CTH, TEIWIOCMKOCTH, PaCCTOAHHA OT CNaAA 3 — nopomrKooOpa3Hbiit MeTaJJIMUeCKHH 
pMonmapbl Jo HapyxHo noBepxHoctH Al, 4— Tepmonapa komOunupoBannaa, 
pasa H 93TaIOHa, BeEHUHHbI NOBepx- 5 — apoposbie TpyOKu, 6 — HapecKa 
1 ucculIeqyemMoro ,BellecTBa 
vcTH H gp. (?). 
JI. T. Bepr (*) Joxa3am MatematuueckhH, 
(0 TaKoe coMmocTaBeHHe  vollaqei Ha pa3JIM4HbIX TepMOrpaMMAaX JIA Be- 
2CTB C pa3JIH4HBIM 3HayeHHemM AK BO3MO%KHO, CCIM MpUMBOAUTb MoualH K 
IOULaqAM C OJMHAKOBbIM 3HayeHHeM A CJIeyIOULHM OOpasom: 


n” 


A DN 
Sia So. (1) 


Snecb At’ u At’’ — pasHocTH TemMnepaTyp Mexyy leubio HW OOpasiiom. ItTu 
IMUHHbI MOFyT ObITb OMpeeeHbI HeMocpescTBeHHO Ha TepMOrpammax. 

Ecam B mpotecce da30Boro lpeBpalljeHuA KOS*PMUMEHT TelMonepexqayu Me- 
[eTCH, TO UCHOJIb3yeTcA cpeHHH KooppuUNeHT Tellvionepeqaaw HM ypaBHeHue 
| IIpHMeT BHZ: “i 


At, + Aty ' ; 
= a At” + At 

o 2 ee eee 7, (II) 
At, + Ab, At, + At, 


2 


ami Obl a MpoBefeHa SKCHEPUMeHTAIbHaA IPOBepKa ypaBHeHUA (11) u3mepe- 
1eM TWOWLaeH, COOTBETCTBYIONLUX MouuMopdHomMy MpesBpamenu1o KNOs. 
3MeHeHve KosdpullveHTa TensomepesauM JOCTUrasOCcb BBeJeHHeM B HaBeCKy 
NOs BelecTB, C 3aBeOMO Pe3KO OTJIMUAIOULEHCA TeIMIOMNPOBOAHOCTHIO, B TAKMX 
IM4CCTBAX, UTOObI TEMJIOCEMKOCTb CMECH OCTABAJIaCb OMHAKOBOH BO BCeX OMbITAX. 
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Samucb KPHBbIX HarpeBaHHA MPOW3BOAMacb Ha IJIEKTPOHHOM aBTOMATH} 
yeCKOM CaMOMHIIyileM NoTeHwHOMeTpe MapKu OIIII-09, uyscTBuTesbHOCTb KO} 
Toporo OblJIa MOBbIMeHa ITyYTeM YMeHbINeHHA COMPOTMBJeHHA WIyHTa peoxopld 
(c 235 fo 4,5 oM) HM yBeJIM4YeHHA COMPOTHBJEHHA Ryay IA KOPPeCKTHPOBKH Haya 
Jia 3allicH B KpaliHee jeBoe MosomeHne (7). Takoe yCcoBepuileHCTBOBaHHe MO3BO} 
JIMJIO MOYYTb TakeHve HaNpsXKeHHA Ha BCeM Peoxopye B 0,5 mp. Cnait ude 
peHIHaJIbHOH TepMomapbl OblI MOMelleH HeMocpescTBeHHO B OOK. IlocKouIbKy 
TlOMeIeHHe Clad MpOcTOl TepMoMapbl CH/IbHO BJIMAeT Ha BeMYMHY MOULanyy 
MWKa, COOTBeETCTBYIOULero PasOBOMY MpeBpallkeHHIO, TO pH MOMeLLeHHU TepMO}, 


at 
| 4t-0 


Puc. 2. Kpuspie narpepanua J, 3, 4, 5u 8 


llapbi CBepXy JOCTHYb XOPOUel BOCIPOH3BOAMMOCTH O4eHb TpyfAHO. Hamu Opi 
HCNOJMIb30BaHO 2KeCTKOe KpellieHHe TepMonap CHH3Y, 4YTO CTporo *PUKCHpoBaC 
NOCTOAHCTBO NOJIOKeHUA clad. PeakiHOHHbI cocy, HMel Ha He BHYTPeHHHH 
KapMaH JIA MOMeLLeHHA ciad TepMonappi (pc. 1). Ilockompky Besmm4unHa MIO} 
Wlaqu WHKa, OTBeualollero (as0BOMY MpeBpalleHHl0O, BOSpacTaeT C yBeHYeHHeEN 
HaBeCKH JIMIUb JO onpeseseHHoro pesesa, Mocse KOTOporo ocTaeTcaA MOCTOAH] 
HOH, HAMM Oblla ollpefesieHa 9TA MAKCHMA@JIbHaA HABeCKA Nyaxc H B OMbITAX Mb 
UCHOJIb3OBaIM HaBECKH, S3HAYMTEIbHO MEHbINE Nyaxe, YTO MO3BOAIO NomyuaTH 
HCTHHHbIe BeJIHYHHbI WiowlaleH, OTBeYaloNyMe JaHHOH HaBecke, , 

Takum oOpa3oM, B Xofe HCCIeOBaHHA OOJIbUIMHCTBO BeJIMYHH, BJM AIONLHH 
Ha CKOPOCTb Telonepelauv, OCTABaJIOCb CTPoro NOCTOAHHbIM, 3a HCKOUeHHe 
TeEMJIONPOBOAHOCTH, MeHAIOMeHCA 3aBeEOMO B KaKJIOM OTIBITe. 

IIpuBeqenne Moulasei, COOTBeETCTBYIOWIMX MoOJIMMOppHOMy MpeBpalllenv 
KNOs c pa3JIHUHbIMH 3HadeHHAMH K (BBeqeHHe B HaBecky KNOs mamorta, CuO 


Hamu, ano B Tao. 1. IlpuBeyqenne cheiaHo Kk nuoulagqu KpuBon J. IIpu noctoa 


Ta6Oaunma 1 


OrHocnH-| 
S mpusex. | renpuaa | 
B OTH. CA4-| omuo6xa | 

HuIyax B % 


MN Ati | Akh | Atco | SB orm 
= WUccnegyemoe BellecTBO p- 
n..0. B MM BMM | B MM | eqHHuIWax 


4 3r KNO3+4,5 r manor 46,0 | 59,0| 52,50; 6,80 = a 

2 To xe 48,0 | 58,0 | 53,0| 7,08 6,98 | +2,6%m 
3 3r KNOs+41,5 r .NaNOs 46,0 | 56,0| 54,0] 6,50 6,66 | —2,06) 
4 3r KNO3+3r CuO 46,0 | 56,0] 51,0| 6,56 6,77 | —0,4am 
5 8r KNO3+1,5r Al (mer.) 39,0 | 47,0 | 43,0 | 5,46 6,66 | —2,06| 
6 To xe 44,0 | 52,0 | 48,0| 6,20 6,72 | —1,15% 
7 3r KNOs+6r Ag (mer.) 31,5 | 40,0 | 35,75| 4,70 6,87 | +4,034 
8 To xe 31,5 | 39,5 | 35,50] 4,6 6,77 | —0,48 

9 om 31,5 | 39,0 | 35,25] 4,66 6,93 | +4,94 
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} 

Be KE TEMOMPOBOAHOCTH Opa NOMyYeHa XOpOLIad BOCIPOUSBOMMOCTb Be- 
MMH MOULatel MMKOB UM OTKOHeHHH Ati u Ate AudpepenttMambHou KpHBOI 
HyseBolt wuHuu (NeNe 7, 8, 9). 

Us ta61. 1 Buguo, yro 6e3 moxo6Horo MpuBeLeHHA BeENMYHHI MouLazeli of- 
FO H TOPO Ke KOJIMYECTBA BEMLECTBA MOFYT OTJIMYATbCA, B 3ABMCHMOCTH OT Tell- 
MPOBOAHOCTH, MOYTH BABoe, HampHMep Si = 4,6 u So = 6,8 (NeNe 1 u 8). 
ele 2Ke TIPHBeLeHHA K NvIouLaqH S2 S,; = 6,77, T. e. aOcowoTHaA OWIMOKAa Jo- 
araeT scero 0,03 OTHOCHTeIbHOH eCMHMIbI, a OTHOCHTeIbHaA OWMOKa — 
45%. B HWallMx OMbiTax MOCTOAHCTBO TellIOeMKocTeli cmeceli sapaHee moj6u- 
WOCb, OJHaKO BCJIEACTBHE HHYTOXKHO MAJIOM BeMYMHbI TeMJIOeCMKOCTH OTHO- 
TeEJIbHO TeMJIONPOBOLHOCTH BeIMYHHOH TelIOeMKOCTH MOXHO mMpenedperb, 
K KaK 9TO MOXKET JIMUIb HeSHaYHTeIbHO YBeIHYMTb OWIMOKY Mp MpHBeseHuH 
oulayen. 

Takum o6pa3oM, B IpakTuKe Takoe MpHBeseHHe JacT BOSMOXKHOCTS CHMKE- 
‘A OLWIHOOK MpH (:ba30BOM KOJIMYeECTBEHHOM aHaJIH3e HW MO3BOJIMT ACMO/Ib30BaTb 
A KOJIM4YECTBCHHBIX PaCdeTOB KPHBbIe HarpeBaHHA Pa3/IM4HbIX BeULeCTB Ha pa3s- 
IX TEpPMOrpaMMaXx, a TeM OoOJlee COMOCTABATS TeMVIOBbIe 2pPekTsl Ha OLHOH 
pMOrpaMMe C OMIHOKOH, He npeBbiuawoueit 3%. 


Ka3aHckhit duuaHat MocrynHsio 
_ Akayemun Hayk CCCP 15 X 1960 


UHMTHPOBAHHAH JIMTEPATYPA 


1 jl. TY. Bepr, Tp. 1 copem. no tepmorpadun, H3ny. AH CCCP, 1955, crp. 59, 
:A.TlamKespuu, Sap. ma6., Ne 4, 482 (1959). 
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Jlokxnagp Axkagemuu-nayk CCCP 
1961. Tom 137, Ne 3 


PH3HYECKAA XUMH fp 


M. A, TEPOBHH |, P. H. KATAHOBHY, 1. A. MASHTOB u JI. H. POPOXOB 


O MEXAHH3ME OBPASOBAHHS OSOHA TPH JJIEKTPOJIH3E 
KOHLLEHTPHPOBAHHbIX PACTBOPOB XJIOPHOM KUCJIOTbI 


(IIpedcmaereno axademuxom A. H. ®pymKunom 26 XI 1960) 


WHaJlaxX BbIAeJICEHHA O30H4a. 

B HaCTOALMLEM COOOILEHHH H3JlaraloTca pe3syJIbTaTbl HCCJIEMOBAHHA Me€xXaHH3Me 
aHOJHOrO o6pas0BaHHA O30HA H3 KOHILCHTPHPOBAHHbIX PaCTBOPOB XJIOPHOHW! 
KHCJIOTbI IIpH HH3KOH TemMiepaType MeTOXJOM Me€YeHBIX ATOMOB B COUeCTAHHH 


Me€TOJOM CHATHA NOJIAPH3 ay 
OG; rq 
| 


TemMllepatype, SIEKTPOJIH3y Nog 
BepraJIHCb PaCTBOPbl XJIOPHO 
KUCOTbI, MC4YCHHOM TAXKCJIBIN 
H3OTOMOM KHCIOposa, HH OObIY 
HOH XJIOPHOH KHCJIOTHI B Bose, 
o6oramjeHHolt O18; co6upanuc 
MpOOb! BbIAeJIAIOIIHXCA KHCJIO 
pola H O80Ha TPH pa3sJIHUHbIXh 
NoTeHI{wasax H onpelemaucsa 

MX H30TONHbIM CocTaB Macc 

CHeKTPOMeTpH4eCKHM MeTOOM 
Puce. 1. Auetika Wid 9SeKTPONH3a XJIOPHOH KHCJIOTbI Mcnomb30BaHHe XJIOpHOW 


pH HU3KOH Temnepatype: J —aHox, 2 — fuaparma, KUHCJIOTLI B KaYeCTBe 3JIEKTPOF 


3 — kato; 4 — KanHJap qa TepMonaph; 5 — KNOY pa Hany KagaJlocb B JaHHOM 
WIA H3MepeHHA MOTeHUHaa AHOJa OTHOCHTEJIbHO BO- 


NopomHoro avieKtpoza 6; 7 — wud qs mpucoequne- Culy¥ae Gomee IeecooOpasHEIM, 
HHA JIOByWIKH — COopHuKa 4Ye€M HCIIOJIb30BaHHe  CepHOHt 


KHCJIOTbI, TAK KAK HCKJIHOUAJIHCHp 
OCJIOXKHEHUA, CBAZAHHBIe C 06-| 

pa3sOBaHHeM HaKUCJIOT M C KHCJIOPOAHbIM OOMeHOM Me2KJLy BOOM WM KHCJIOTOH, 
OTCYTCTBHe KOTOPOrO B YCJIOBHAX IIeEKTPOH3a pacTBopoB HCI]Os Gpr10 MOKa3aHO 
B paoorte (°). | 
QNeKTPOH3 MPOBOAWICA B AueHKe, H300paxKeHHoH Ha puc. |, AHofom cay- 
KUNA WiaTHHOBaA WwiacTHHKa mviowlagb10 oT 0,5 Zo 20 cm”, B 3aBHCHMOCTH O 
HeOOXOAUMOM MIOTHOCTH TOKa. B KayecTBe KaTOLa MpHMeHAIaCcbh MwWaTHHOBas| 
cerka. AHolHoe HM KaTOAHOe MpOcTpaHcTBa pa3seAIHCb NOpHcToH AHadparmon| 
M3 CTCKJIOTKAHH, BbINOJIHEHHOH B BUe WMJIMHApa, BHYTpH KOTOporo Momelacal 
KaToq. Hu3kaa Temmepatypa y aoa co3qaBaslacb MorpyXeHHeM sueHKH BI 
OXJIAQHTeIbHYIO CM€Cb H3 MeTaHOJIa U TBepfoH yrsekucnoTH. Temnepatypal 
H3MepsaCb C MOMOILbIO 2KeNe€30-KOHCTaHTaHOBOH TepMOlapbi, MOMeL{eHHOH 
B TOHKY!0 pyOallky, KoTOpad compukKacasacb c aHogom. KoncTpykiHua sueHKH | 
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IIHOHHBIX KPHBBIX. | 
Kak 4 B HCCJIeoBaHHH (°)} 
7 TIPOBeCHHOM TIPH KOMHATHO 


| 


IOSBOUIANAa, HapALy CO CHATHEM MOJIAPHSalHOHHbIX KPHBbIX, COOMpaTb MpoObi 
sbIEIAIOMLeErOCH Ha aHOfe [asa pH pasMYHbIX NoTeHwHatax. Ilepeq Hayasom 
WIEKTPOMIH3a AHO OOPabaTHIBaICA CepHOH M TeMIO as0THOH KUCOTaMH, Mpo- 
ALIBAJICA WBaKMbI MeperHaHHOK BOOM HM 3aTeM AHOLHO NOJAPH3OBaJICA TOKOM 
yr 10-° no 10-*a B TeveHue 30 mun. 

Tlocue 1,5—2-yacosporo 9eKTpomu3a pH 3aaHHOi Temmepatype, B Te- 
leHHe KOTOPOTO MIpaKTHYeCKH JOCTHTaOCh HAaCHIMeHHe IICKTPOJUTA BbILeAIO- 
WHMCA Ha aHoOe ra30M, HaYHHaOCb CKH- 

KeHHe mMocwieqHero B COOPHHKe-JIOByIIKe , 
plc. 2), H3rOTOBJIEHHOM H3 MOVIHOeHOBO- 1382 
o cTeksia. Temnepatypa CKMKeHHA JocTH- 6H win V9 
‘aylacb MOrpy2xkeHHeM cCOop HHKa-JOBYUI- 
HB MeHbIM OOK 6, OXJaxKaeMblit *KUI- 
“HM asoToM. Ha tpyOky cOopHHKa 3apa- 
lee HalavBaJIMCb CIelWHa/bHbIe aMIMyJIbI 
JIA B3ATHA poo WIA Macc-cneKTpomMeTpH- 
flecKoro aHajiv3a. Bo BpeMA cxKMKeHHA 
a3a, JIA peryHpoBaHuA jlaBieHHA B Puc, 2. Cxema CHCTeMbI JIA BSATHA Npos 
O30Hd H KHCJIOPOLa 
OopHuke, OTpocTok 9 ocTaBaJica HesamasnH- 
[KIM H 3anHpaJica Katie Bosh. Ilo oKoH- 
AHHH QIEKTPOIM3a KpaHbI COopHukKa /| MH 2 3aKpbIBaJIMCb, TOK BbIKJIOUAJCA, 
TpocTOoK 9 mocyle MpocylMiKH ObICTpo 3anavBaics, MeHbI Ook 6 WleqHKOM 
loOrpyKaJicA B MKHIKHH a30T, COOPHHK-JOByIIKa MpHCOeAMHAJICA MocpeCTBOM 
muda 7 K BaKYYMHOM ycTaHoBKe JIA OT- 
KauKH KHCJoposa. 

Ilepexq or6opom mpo6 kKucIopoga mpo- 
CTpaHcTBO Jo KpanHa / (puc. 2) sBaKyupo- 
BaJIOCb H 3aTeM 3aNOJIHANOCb UCiMapsto- 
WHMCA H3 JIOBYLIKH kucopogom. Tlocue 
3TOrO aMNyJibl 4 OTMAHBaJIMCh JIA macc- 
CHEKTPOMeTPH4eCKOrO OTpesesIeHHA 30- 
TONHOrO cocTaBa KucIOposa. JLanee mpoBo- 
JMIOCb 3anoviHeHHe aMIyJI O30HOM, AJA 
yero Mocsie OTKAYMBAaHHA CHCTeMbI B TeYye- 
uc. 3, AHOMHBIe MoNApHsalHoHHBle KpH- HHe 1,5 uYac., MOBbIMAaA TeMMepaTypy 
Dore tape eso", — 63. Byer os MeJ\HOrO 610Ka HM OXJIaxKLad aMMyVJIbI *KHD- 
Sen 2° 10. N KHM a@30TOM, O30H TlepeKauHBaIH B aMIry- 

Ra apt 10, SatTeM aMMyJibl OTNaHBaJIHCb - 

HarpeBaJIHCb CHayasla JO KOMHATHOH TeM- 

lepaTypbIl, 4 MOTOM B CYWIHbHOM wKady Jo 150—200° c wenbio pasmoxeHug 

30HA JO KUCIOpOa, NO H3OTONHOMY CocTaBy KOTOPOrO OMpekeiAICA CocCTaB 
30Ha. 

Hekotopas "acTb NOJIYYeHHBIX B paOoTe pesyJIbTATOB MpeAcTaBiena Ha pue. 3 
Bue NOMAPHSANMOHHBIX KPUBbIX, CHATHIX IPH TeMnepatype —40°, nu BTa6u. |. 


\6osHaueHve HC1O;°/H20 B ta6. 1 o3HayaeT, 4TO MCCeqoBasICA pacTBOp Me- 

2) 4 2 18 o 
HOM XJOPHOM KHCJIOTH B OOBMHHON Boge, a HClOs/H20'* — pacrsop o6nrHoii 
JIOpHOM KUCOTHI B MeyeHOH Bose. Tam %Ke MpHBeeHbI WaHHbIe Mo H30TON- 


DMYy cocTaBy HCxoHBIX MaTepnasios (HCIO;° 1 H2O0'’) u mpoxyxtos peaxuun, 
SIeMAIOMIUXCA Ha aHosle (Oz u Os). 

Kak BYHO 3 plc. 3, NOMAPH3 allLMOHHbIe KPHBbIe, CHATHIC IPH HH3KOM TeM- 
epatype, aHaJlorMuHb! 10 dopMe KPHBbIM, MOJTyYYeHHbIM paHee (°-*) mpH KoM- 
aTHOM TemMepatype. YuacTkH peskoro MofbeMa MepeHanpAxKeHHA B Ciyyae 
M3KOM TeMMepaTypbl CABHHYTbI B CTOPOHY Ooslee HH3KUX MVIOTHOCTell TOKa H 
omee MOOXKUTEMbHLIX MOTeHIMANOB; HaGmoaemad MpH KOMHAaTHOM Temmepa- 
ype 3aBMCHMOCTb MepeHalpAXKeHUA OT KOHIEHTPallHH KMCOTEI COXpaHAerca. 
[a OCHOBaHHM 3TUX JaHHbIX MO?KHO IipeAMOJOKUTb, YTO MCXAHH3M BbIAeIeHHA 
HcJlopoka mpH MOHMKeHHH TemMepaTypbl He u3mMeHseTCA. JlelicTBuTeIbHO,. 
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Ta6auna 1 


o Tlona yuacTua Boab 
S : B Mpouecce o6pa3o- , 
CoctaB H KOHWeHTpauua 4 Ilnotnocth|] MUctounuK | O6oranye- BanuA ke 
9uleKTpOsHTa 2 or Kaciopofa) Hue, % Kucaopo- | o30Ha 
aS Wa ny No 
5,8N HC1O}8/H,O =—40'|.2,2-40* | HCO Mm 10.309 — | 
ais oO, | 0,059 | 0,85 —' | 0, 360m 
Os 0,038 — 0,90 
HC10,4/H,018 —40 |) 41,2-407| H,0% 0,742 — —_ y 
fs 0, | 0,680 | 0,94 — |0,50% 
O3 0,710 — 0,95 
6,3N HCIO}$/H,0 —A0 | 2-40-* | HCIOP 4 4,780 = - | 
Oz 0,482 0,73 — 0,39 | 
Os 0,296 es 0,83 
HCI1O,/H,018 —50 | 2-10-2 H,078 0,738 — — 
Oz 0,519 0,70 — 0,48 } 
O3 0,624 — 0,84 
7,1N HC10}8/H2,0 —40 | 2-40-? | HCIO}® | 1,780 al. — 
OC. 0,46 0,74 — 0,30 i 
Os 0,32 — 0,82 
HCIO,/H,0'8 —50 | 2-1077 H,018 2,481 -—— — 
Os; Sos 0,48 _ 0,44 
" LPs) — 0,69 
8,6N HC1O}8/H20 —50} 10 | HcIols | 1,78 oe — 
Oz 1,005 0,44 ae Ocon 
Oz 0,633 — 0,64 
HC10,/H,0 — 50 | 5-40= H.018 0,455 == = 
: 0, 0,148 | 0,32 eh Powe 
Os 0,305 — 0,67 
40N HC1038/H;0 —40 | 2-10-2 | HcIO!s | 0,569 = os 
O; 0,413 0,27 —' 0,35 
Os oe — 0,53 
HC10,4/H,018 = 5p sis h0ce H,018 36 == es 
tek 5 ase | Oa) ees 
Os 2,441 — 0.55 


Kak BHAHO 43 Tab. |, BHIeIAOULMCA Mp HH3KOM TemMlepaType KHCHOpoL, | 


B cayuae HCHOb3OBaHHA HCl0;°, oGoraujen TsxKebIM H30TONOM KUCIOpona, | 
4TO yKa3bIBaeT Ha yYaCTHe AHHOHA KHCJIOTbI B Tpomlecce ero o6pa3o0Bpauna (°). 

MoxHo ObWJ10 O*KULaTb, YTO Napa e/bHbIe MpoOOb! KHCMOpoAa HU O30HA OyAyT I 
HMeTb OJIM3KHH H30TOMHBIN COCTaB, YTO TOBOPHO Obl OO aHasIOrHH MeXaHH3Ma 
AX OOpa3s0BaHHA. OWHAaKO, XOTA AHHOH KHCJIOTHI yYaCTByeT Kak B Mportecce o6- 
pa3OBaHHA KHCOposa, TaK MH O30HA, HMeeTCA CTAHA, KOTOPaA OTMMYAeT STOT | 
mpolecc OT aHofHoro OOpasoBaHHA KuCOposa (cm. Tada. 1). : 

Ilo 2aHHbIM H30TOMHOLO CocTaBa KHCOpOAa WH O30HA4 ObIJIH BHIYHCJIeHbI JOM 
yaacTHA BOJbI B Mpowecce OOpas0BaHHAl O30HA No HU KUCMOPOka Ny H3 KuCHOpoNal 
BOJ\bI H KUCOPONa aHHOHA. Jj pactBopos oObtMHO XJOpHOH KHCJOTHI B Meye=| 
HOH BOJle No H Nx BbIUHCIANIHCb KAaK OTHOMeHHe H3ObITOUHOrO ae 
Hua O!*8 B BBIeIMBLIAXCA KUCJOPONe M O3OHE K TAKOBOMY B UCXOXHOM pacTBope 
aia H2O'8. [na pacTBopoB ¢ MeYeHOH KHCJIOTOM TAKUM Xe yTeM BLIMMCIAHCh 
OJIM yuacTHA AaHMOHA KUCJIOTbI B WAHHbIX MpOlWeccax, a No H Ny MpeACTaBAAIOT | 
coOol pasHocTb MexkyLly | HM cooTBeTCTByIOleH Jose yuacTHA AaHHOHA KUCJIOTHI. | 
Kak BHAHO H3 TaGn. 1, ROMM y4acTHA BOLI B Mpomecce oOpasoBanua o3oua | 
flo OKA3bIBaIOTCA BCera OOJIbUIMMH, YeM OM yUaCTHA BOLI B Mpomecce o6pa- | 
30BaHHA KHCIOpOMa Nx. 

Ha ocHoBaHHu STHX JaHHbIX HAM IIpescTaBAAeTCH BO3MOXKHBIM JONYCTHTb, 
4TO HaXOMAUIMHCA Ha aHoye xeMocopOHpoBaHHbI KUCIOpO MpH oOpas0BaHHH 
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O30Ha pasOaBiisteTCA  KUCOpoqoM Boge. B ta6s. | mnpnBejenvi 


No—n 
sHaueHuA Q = —s ,» KOTOPBIe BbIpawKatoT, Kak JIerKO yOequTbes, JLOJIEO 
K 


he: 

: 

yuacTHA BOAbI B OOpasOBaHHH O30HaA U3 KHCAOpOfa MU BOLbI, IPH yKa3an- 
4 

HOM JOMyIleHuH, T. e. CxeMaTHYeCKH To peakuuH (1 — Q)O + QH,O > Os. 


Bennunna Q = 1/3 JomKHa Opiuia Obl NOyaNTHCA, eCM Obl 030H BEIemAICH 
MO MeXaHH3My 93JIeEKTpOXHMHMYeCKO MecopOunH 0 Cxeme: 


PtO | 20 | ane + HO — 2c > PtO | (n — 2) O Jane + Og -+ 2H", (1) 


4 KHCJIOPOX NosyyasicaA Obl HeMOCcpeACTBEHHLIM PactayOM MOBEPXHOCTHbIX OKHC- 
JOB M[JaTHHBI. 

Tlonyyennble 9KCNepHMeHTabHble 3HayeHHA Q HeCKOJbKO MpeBplulaioT 1/s. 
OnbiTs!l, mpoBesenHple c H,O18, gator B cpequem Q = 0,45+0,05; onpitnl, 
npopeyenupie c HCIOW, Q = 0,36 + 0,05; o6mee cpeqnee Q = 0,4+0,05 (Kpo- 
Me IIPHBeJeHHBIX B TAO. | Obilo BEINONHeHO ene 15 onbITOB, yYTeHHBIX pH 
HaXOKJeCHHH cpefHero 3HaueHHa). 

_ YuUNTEIBAA 3aMeTHbI pa3s6poc OMbITHBIX JaHHbIX, MOXKHO OCTAHOBHTbCH 
Ha cxeme (1) B KayecTBe NepBoro NpHOnMKeHHA. 

_ B 3aksouenve BplparKaem OularofapHoctb aKkagemuky A. H. ®pymKuny 3a 
HeHHbIe COBeTbI MPH BbINOJIHeHHH WH OOcyKAeHHH paGoTbl, a TakxKe akaeMuKy 
AH YCCP A. H. Bpogckomy 3a nmogqoTsopHoe o6cyxKeHHe pesybTaToB 
padorpi. 


MockosckHit rocyfapcTBeHHbIit YHHBepcHTeT Tlocrymuuio0 
um. M. B. Jlomonocosa 18 XI 1960 
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Tokaaygn Akaqemun nayk CCCP : 
1961. Tom 137, Ni: 3 — 


PH3HYECKAA XHMHA 


A. B. KHCEJIEB, A. KOYTELWKH u H. UA)KEK 


O MPHPOXE B3SAMMOJEMCTBUA MOJIEKYJIbI BEH3OJIA 
C FHAPOKCHJIbHOM TPYNNOH 


([Tpedcmaeaexo axademuxom A. A. Banandunom 19 X 1960) 


Ancop6uHvaA apoMaTH¥eCKHX HW HelMpeeIbHbIX YIIEBOLOPpOLOB HU a30TAa CHVJIb- 
HO 4YBCTBHTebHa K CTemeHH ruypaTalun aycop6enta. Tensotra agzcopouna 
6eH30u1a Ha rpadute (1) u MgO (?), B CooTBeTCTBHH C pe3yJIbTaTamMu pacuera (?) § 
9HEPrHH 3JIeEKTPOKHHeETHYeCKOrO B3aHMOMeHCTBHA, MeHbie, YeM TenoTa al- 
copOmuHH A-rekcaHa. TakoKe H TelJIoTa acopOuHH OuepuHoB Ha rpapuTe MeHb- & 
me, YemM MapacdHHos (*). Ha noBepxHocTu »%xe THApooKuceh MarHua (*) H KpeMHHA 
(°,6) reniota alcop6uuu 6ex3ona (3,5) u mponena (*) Gombute TenuoT aacopOuun } 
A-TeKcaHa H Mponana. CooTBeTCTBeHHO MpH acopOuwHH SeH30/1a Ha PHApOOKUCH 
KpeMHHA B HH(pakpacHoM CMeKTpe NOJOCHI NOPOUWLEHHA FHAPOKCHJIbHbIX rpynn 
MOBepXHOCTH CMelLalOTCA 3HAYHTEJIbHO OovIbIe, YeEM MPH afcopOuHN N-rekcaHa } 
(’,8). Dro cmenjeHHe Coble MpH aqcopOUHH a30Ta, YeM MpH afcopOuHA aproHa 
(°), Torgqa Kak Ha rpacuTe TeMOTbI alcopOWHH 39THX BellecTB O1H43KH (2°). Me- 
rHpaTalWA MOBepXHOCTH KpeMHe3eMa CHW KaeT TeIIOTY acopOuHH SeH3oua | 
AO BeJIM4MH, MeHbUIMX TeMJIOTHI akcopOuHu v-reKkcaHa (°). 

Tleppaa NonbitKka HCCIeqOBaHHA MIpHpoOsbl ycHeHHA B3aHMOJelcTBHA OeH- | 
3014 C MOBeEPXHOCTbIO THApooKHcel Opiia chemana JI. II. Mourkycom u ofHuM 
¥3 aBTopoB (4) Ha OCHOBaHHH IIpHOJIMKeHHOH OWeHKH pacnpeseseHua m-3N1eK- f 
TPOHHOrO 3apsa B MoseKysle OeH30/Ia H KYJIOHOBCKOrO B3aHMOJeHCTBHA STOTO 
3apaga HM OCTATOUHBIX 34PpANOB yrviepoqHOro OCTOBa C TOWeYHbIMH 3apsayaMu 
rHpoKcHJIbHou rpynnp. IIpezcraBaaeT uHTepec Oovlee NOJHbIH yueT pacmpere- | 
J@HHA QICKTPOHHOK MJIOTHOCTH KaK B MOJIeKyJ1ax afcopOaTa, Tak H y MoBepx- 
HOcTH aycopOeHTa. B HacTosieH paOoTe clelaH BTOpoH war — paccmMoTpeHo 
B3aHMOJeHCTBHE MOJIC€KYJIbI OeH30/1a C AHMOeM NpH MoMoulH rpyOoH mMogxeau, 
B KOTOPOH AHNOb paccCMaTPHBaeTCA NO-MpexXHeMy KaK Mapa TOYeUHIX 3aps- 
NOB, a B MOJIeKyJie O€H30J1a IIPHHATLI BO BHAMAHHE He TOJIbKO 1t-, HO H O-CBA- 
3H, NPH4eM IA HX OMMCaHHA UCMOIb3yeTCA MeTO MOJI€KYAPHIX oOpOutT *. 

TeomeTpuavx cuctemu. Paccroanwe C—C B Mosekyne OeH30ua 
ObiI0 puHATO paBHbim 1,39 A, a paccroaHue C—H pasupm 1,04 u 1,12 A 
(KpaiHue 3HauveHHA MpHBeeHHOH B wHTepaType BemH4unHE! 1,08 + 0,04 A). f 
BbuIH MpHHATHI Culeqyioulve 3HayeHHA paccToAHHH sddeKTHBHbIX 3apAOB fF 
aunoia OH, Haxolauivxca Ha MpAMOH, NepMeHAUKYJApHOK MwocKocTH OeH- 
30IbHOrO KOJIbILa HW MpOxoLAlelt Yepe3 ero WeHTP, OT 3TOM MuocKocTH: 1) 2,15 A f 
(atom H) u 3,12 A (atom O); 2) 3,12 A (atom H) u 4,09 A (atom O). Ilepspasa napa | 
BeJIMYHH B3TA JIA BO3MOXKHO Oovlee TECHOrO COJHKCHHA JUMOIA C MOJIeEKYyJION | 
(1), Bropand Obia BHIOpaHa AIA OOerueHHA pacueTa TaK, 4TOObI WeHTp aToma 
H Bo BTOpoM BapHaHTe CoBiajal C LeHTpoM aToMa O B MepBom. Ora Napa BewH- | 
4HH OJIM3Ka K CYMMe BaHepBaaJIbCOBOl MOJYTOUHHLI MOJIeKyJIbI OeH3oua | 
H BaHJepBaabcoporo pasuyca atoma H. OppekTHBuble 3apAbl MomocoB Wu- P 
NOA ObWIM MPHHATHI paBHBIMH do = gu = 1,6-101° aGc. eg. (14). 

Moweatb MONe KYA GeH304a. BoaHoBad tbyHKuMA 21eKTPO- | 
HOB CBASeH MOJIEKYJIbI IPHHATA B Bue oMpewemutena Cuelitepa. IIpeqnomara- 


* Tlogpo6Hoe usoxKeHHe pacueta gaetca B (2), 
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ACh JIOKAJIM3AILMA O-CBAZEH UH LelOKaIM3aluA w-cBa3el. Mx BsanmoselicTBHeM 
bl mpeHeOpersu. Bxogamne B onpe_eruTenb MoNeKyApHEIe OpOUTH! pa3- 
aJICHbI TAK: 

1) Monexyaspupie op6uTbl, JoKanH30BaHHble Ha CBA3AX MexKLy aTOMaMH 
puepona C; u C;,,, MpHHATH! B BUTE 
1 


V2(1 + Sc_c) 


fe Xi, iii UpekcTaBanet opOuty sp* atoma i, HalpaBmeHHylo K aTomy i— 1, 
Sc_c— HHTerpal TepekpbipaHua. 

2) MonekyaapHbie opOuTsl, OOpasyioulme CBA3b MexKy aToMamu C; u 
XceqHHM aToMOM H, NpHHATHI B BHIe: 


ab; == 1 
Vi-+ 208c_y +2 
fe Xin UpefsctaBiser opOuty sp”? atoma C;, HampaBsieHHy!O K cocefHeMy 
Tomy H, y;—opOuty Is storo atoma H, a S—vuurterpan mepekpbipaHHa. 
ak KaK TOUHOe 3HaveHHe KOSdpuUMeHTa a, CBASAHHOrO C HOMAPHOCTbIO 
BASH C—H, nen3pectHo, Obi HCMOb30BaHbI ero BennuuHE! 1,2; 1,0; 0,8; 
,6; nocKombky atom H Govlee 92eKTponOsOKUTeNeH, Oosee BepOATHbIMH 
BAIOTCA 3HaYeHHA Mexky 0,8 un 1,0. Jinn oneHku a Aunonb cBi3n C—H 
€ ABIACTCA pelllaiouluM. 
3) MonekynapHbie OpONTbI JenOKaM30BaHHbIX m-CBx3el BbIpaKeHbl TaK: 
6 


6 
4 4 +272] /6 
3 = a at si 34h) SO : ) 3 
hy VEC +25) +35) 2 (pz)j b2,3 Vedi 5) ); de (pz)j (3) 
qe S — untTerpa be piia nn opOuT pz pisehna aTOMOB C, 

_ Ecau ocb x TOMeCTHTb lO ee BEI cpi3H C;—C;4,, TO OpOnTb! 


tia = Ae s)e, + VF OP (4) 


HOPHAH3HpOBaHHble aTOMHbIe Ne te Xi OMpefenAioTcHh aHanOrH4HoO, ecu 
OMECTHTb OCb X NO HalpaByeHuio cpasn C— H, 
ATOMHbI€ OpOMTHI BbIPAKaIHCh BOMOPOLONOAOOHLIMH cbyHKIHAMH 


. (1s)q = V I/me—:  (2s)c = uxV 7°/38nre—" — o V 83/m e—?r; 
’ (2px)c = V &*/mre—*" sinBcosq; (2py)c = V 8*/mre—* sind sing; (5) 
(2p2)c = V &*/n re-*" cos 0 


ipH3;3HaveHMAX Mapametpop x= 1,054, o=0,249, 7 = 1,68, A eo 
= 1,51 (7%) (r, 6 u g— chepnyueckne KOOpsANHatTH!). 

PacueT 9HeEprHH B3SAHMOZeEHCTBUA. YuanTsBan Oovpuoe 
JACCTOAHHE MEXKLY MOJMEKYJION H AHMOMeM, YTO NOSBOJIAeT MpeHeOpeyb ecbopma- 
(HeH 3JIeEKTPOHHOrO OOaka MOJIeKyJbI, pacueT 9HEPrHM B3aMMOselCTBUA Opt 
IPOH3BeeH METOJOM BOSMYIULeHHA C YYeTOM YWIeCHOB TOJIbKO NepBoro NOpALKa. 
Taxoqunach pa3HOCTb 9HeEprHii B3aMMOJelicTBHA MOJIeKYJIbI C OOOMMM MovOCa- 
Mm Junona. M3meHenve 9HeEprHH MoOvIeKyJIbI NOX BJIMAHMeEM TOYeIHOrO 3apsasa 
', MowoxwKeHHe KoTOpero 3afaeTcA BeKTOpoM R, onpefemseTcA ypaBHeHHem 


bi, i = (X2, 41 + Xe44, 2); (1) 


Gua = ay), (2) 


(HOP Lee 
=) g d’r + 5! rsa ia (6) 
=— 25) Ina Rea i | R— ee 


ge N —uucno 3aHaTbIX opOuT B MovieKysie; M— HCO AaTOMOB; Z_ H Pp — 
3apay, Apa u pafuyc-Bextop k-ro atoma. BpipasvB MOJeKYJIApHbile OpOuTbI 


b;/ Yepes aTOMHbIe @; 110 PopMyvle p; = >) ce), nOslyuaem 


; IO ae - Slertes Naratn ° 
J#k 
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ey See ; (T) Py (F) 
af = \ aR ers Ba = \ gy ar. ( 

Ypapuenus (6), (7) u (8) uMeroT OOmMH xapaxtep. IIpu B3aumopelicTs 
MOJeky bl GeH30a c pNMONem OH u3MeHeHHe SHEPrHH MOXKHO CBECTH K BH 


AE = AEc_c + AEc_y + AE;j. ( 


OrjembHble BKJlafibl B SHEPrHto B3aHMOMeHCTBUA BbIpasKaroTcA B BUE CyYM 


«KY JIOHOBCKHX» AE® uv «oOmenntix»y AE™ ynenop*. Tocnenuuve He uMeio 
KlacCHueCKOH aHasOrHH H 3aBHCAT OT YyCJOBHH cBaAseH, T. e. OT pacnpex 
J@HHA ATOMHBIX OPOHT NO MOJIEKYJIAPHbIM. 

O pacuete uHTerpasos. IIpu pacuete KyNOHOBCKHX HHTerpal 
THOPHAMSHpOBaHHble BOHOBbIE GYHKUMH BbIpakKanHcb C MOMOLIbIO (5) 
CooTeeTcTBy1ollve JIBYIeHTpHyeckHe HHTerpase! Opi paccyutaHp no (14 
IIpH¥eM OKa3aslOCb JOCTATOUHbIM OCTABHTb YJICHbI, BbIpaKaloulHe TOJbK 
WMNOAbHbIe WH KBapynowbHble B3aHMoJelcTBuA. Ilostomy TpexWeHTpHyeCcKH 
HHTerpastb! B Bj, PaCCUHTbIBaHCb B KBafpynobHOM NpHOnMxKenHH. Ilo To 


ke TIPHYHHe HHTerpaybl BCeX THNOB paCC4HTaHbI B 3TOM MpHOMKeHH 


Pe3syabTaTH Hw OOcyxKeHHe. «KynoHOBcKHey FO «OOMeCHHBIe€ 


V T se 
F™ vy none F? 3HeEPrHH B3aMMOfeHCTBHA OeH30Na C PMMOJeM, Mosc 
KOTOpOrO HaxOfATCA Ha paccTOAHHAX Z, H Ze OT WEHTPa OeH3O0JIbHOrO KOJIb 
la, paCCuHTbIBasIHcb NO dopmyuie 


F™ = AE“) (Z,)— AEM (Z,); Ls Q) V, T, (10 


L L : 
roe AE“ (Z,) u AE“ (Z,)—axepruu B3anmogeficTBua nomoca | u momtwoca 
C pa3JIHYHbIMH CBA3AMH MOJIekysbl. HanOombuine aOcomioTHble BeMYMHB 


BKJIaloB B OOuLyio sHeprmio F‘”) BHocaT B3aMMopelicTBHA uTONA Cc 6-CcBASA 
MH. Tak, Ja a, cpefHero mexny 1,0 u 0,8, npn Z,=2,15 

FO, =—13,3, FeO u= + 15,7 u FO = —5,8, tax uto F'7)=—3,4 xxan/mMon 
(ipo Z,=3,12 A FO =—4,7, POnp=4+6,1 « FO =—2,9, tax om 
F’) — 1,5 xxan/momb). Bknagpt o-cpa3zefii C—C n C—H umewr o6par- 
Hbl€e 3HaKH WH YaCTHYHO KOMMEHCHPYWTCH, TaK YTO B 3TOM pacueTe, Kak H 

(41), HanOombuty1io pomb urpaeT BKsaq M-cBA3elil, OMHAKO OH CpaBHUM TI 
BeJIHYHHE C CYMMAPHbIM BKJaOoM o-cBa3el. OHepruH B3aNMOMelCTBMA 


F® y F™ gas Bceii Monekyabl 6eH301a ipuHBeyenbl B TaOm. 1. Onn Man 
3aBHCAT OT BOSMOXKHBIX KOmeOaHuli AMHbI cBA3H C—H, Ho CumbHO 3aBH- 
CAT OT BeHUHHDI a. Jima HanOonee BepoATHOrO 3Hay¥eHHA a=O0,8—1, 
OHH HaxOAATCA B COriacCHH C H3MepeHHOH pa3HOcTbIO TenMoT aycopOuHH 
OeH30J1a Ha NOBepXHOCTH KpeMHesema, cosepxKallleli uM He CofepxKaleH THApOK- 
CHJIbHbIe rpynnbl (70 3 Kkan/Monmb (°)). STo cormacwe, OfHaKO, HeJb3A 
MepeOWeHHBaTb, TaK KaK 9HEpruA MoOMyyaercA 3fecb KaK Ppa3HOCTb OOVJIbILIMX 
YHCeI, YTO BbI3BaHO CJIOMKHOCTHIO (pu3H4eCKOH Mpupomy sddexta. Tak, 
BKJlaqbl B OOWLYIO SHEPrHlo HHTerpasOB KYJIOHOBCKOrO Tuna B 3HadHTebHOM 
Mepe B3aHMHO KOMICHCHPyIoTCs, MH peluaioulee 3HaveHHe, MO-BHAHMOMY, 
HMEIOT OOMEHHDbI€ YICHbI, OHaAKO BeCbMa UYBCTBHTeJIbHbIe K BbIOOpy Mose, 
HallpHMep K 3HaveHHIO a. BecbMa TpyfHO JaTbOUeHKy TOTO, HaCKOJIbKO 
WHCJICHHbI€e 3HAYCHHA SHEPrHH 3aBHCAT OT MapaMeTPORB aTOMHbIX OPOHT. 
PacueTp Obi BEINOJHeHbI JIMUIb JIA OLHOTO MOMOHKeHUA MOMeKY JBI 0. 
OTHOWeHHIO K JHMouO. BemwunHHa HM 3HakK BKJlaya pa3sHbIxX rpynn COxKHOH 
MOJICKYJIbI BECbMa UYBCTBHTCJIbHbI K TEOMeTPHH CHCTeMbI. BKay, OMHOKPaTHBIX | 
CBA3e€H OCOOeCHHO CHJIbHO 3aBHCHT OT OPHeHTalHH MOJeKYJbI OTHOCHTeIbHO 
unoix. Bowmwok wurepec mpexcTaBiseT NosTOMy aHaJOrMUHbIi pacueT Jaa 
PasHbIX B3aHMHBbIX MOJIOKeHHM HM OPHeHTALMH MOJIeKyJIbI 6eH301a HM THApoKcusa. 


* OOmennue sens: AE™) oGpasyiorca u3 4meHOB B-, B (7). 
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BbluncieHHble SHEPrHH B3aHMOJelcTBUA MoseKyJIbI OeHs07a c Aunonem OH 
FS? B kKaa/MOIb JIA PasHbIX paccTOAHHA JO WeHTpoB Qunousa Z, u Zz u AMA 
Pa3HbIX JIMH cBi3H C—H 


: | (oe eiyay. C= 4 108 

: A=245A | %=—842A | Z,—245A | Z,—3,12A 
Ze7= 3,12 4 Z2=4,09 A 2Z2= 38,12 A Z2=4,09-A 

0.8 F(Q) 3,94 1,48 4,19 4,59 

: F(?) —6,63 ago ee oF, 3,33 

aa F(Q) 1,38 0,45 | 1,60 0,54 

FIT) —4,31 22482 1 a ay —2,08 

wr FQ) —0,49 —0,31 —0,34 ep 

; F‘?) ==2 47 oat oe Lee | —1,09 

: awe F(Q) —1,90 —0,88 ek te cela eA 

, F) —1,06 <i)’ 2 —1t4 zeohl, 20 


|  Hajo Takxe uMeTb B BMY, 4TO UM Ha SKCMepMMeHTabHOe 3HayeHHe pas- 
HOCTH TeIIOT alcopOuMH Ha rupaTHpoBaHHou HW JeruypaTHpoBaHHOH MoBepx- 
HOCTH KPeMHE€3eMa MOFJIM BIMATb KaK pa3sHad FeoMeTPHA, TAK H pasHble BKMabl 
JMCMepCHOHHbIX CHI B OOOMX STHX Clyuanx. MbI cuHTaeM MOsTOMY HaHGowee 
HHTepecHbIM He CTOJIbKO O/M30CTb paccC4HTaHHOrO 3HaYeHHA 39HEPrHH B3aHMO- 
elicTBUuA MOsJIeKYyJbI OeH301a HW JuNoA OH c u3MepeHHbIMH H3MeHEHHAMH Ten- 
NOTH akcopOuHH SeH30V1a IPH eruApaTawHu KpeMHeseMa. CKOJIbKO YCTaHOBJIeH- 
Hy!lO0 pacueTOM CBA3b 3TOrO SipPekTa C KBaHTOBOMeXaHH4ecKOH MpHposo uc» 
-MOb30BaHHOK Mose. Kak ye OblIO OTMe4eHO, TiaBHbIM BKJIaq B 9HEprHio 
B3aHMOJeHCTBHA BHOCAT OOMeHHbIe HHTerpaspi. Ilostomy Ha6moseHHaA pasHu- 
a MorefqeHuaA OeH301a H rekcaHa Ha THApaTHpOBaHHOM NOBepXHOCTH HOCHT 
CkKopee KOJIMYeCTBEHHbIM, YeEM KaYeCTBEHHbI XapakTep, YTO HAXOMHTCA B CO- 
OTBETCTBHH C H3MeHeEHHAMH B HH*ppakpacHom cnextTpe (°,°). 

Teoperuyeckad HW 9KCIepHMeHTabHadA padoTa B 3TOM HalpaBseHHH He- 
COMHeEHHO JOJDKHa MOMOYb BbIACHEHHMIO NpHposbl stpekToB, MpeXmMywlecTBeHHO 
-TIPOABJIAIOUWLHXCA B KOHKPeTHbIX cJlyyadx. IlpeycTaBaaeT HHTepec H3y4eHHe 
afcopOuwH MoOJIeKyJI pa3HOro CTpoeHHA ¢ BO38MOxXHO Oowlee NOLpOOHLIM y4e- 
TOM 3JIEKTPOHHOK CTPYKTypbI Kak ajcopOaTa, Tak HM agcopOeHTa. Cuefqyer Bbl- 
ACHUTb TAK2Ke BOSMOKHY!O POJIb YHCTO OOMeHHOrO 9ppexkTa. 

Wucrutyt pushyeckol xHMHH 

‘Akagemun Hayk CCCP 


Unctutyr dusnyeckolt XHMHH 
Yexocnopaukoi AkajemMHu HayK 


Toctrynuso 
10 X 1960 
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Jlokxxayp Akayxemun nayk CCCP 
1961. Tom 137, Ne 3 ~ é 


PH3HTECKAA XHMHA 


A. M. KOJIOTbBIPKHH u B. A. PHJIbBMAH 


BJIAAHHE HOHOB XJIOPA HA IJIEKTPOXHMUYUECK OE 
HW KOPPOSHOHHOE NOBEWEHHE WHPKOHHS 


(ITpedcmaeaexo axademuxom A. H. Ppymkuxnoim 20 X 1960) 


Cyla Mo MMeIouluMca JaHHpM (1~*), WHpKOHHH WH MHOrHe CIVaBbI Ha efo OCc- 
HOBe OOalaioT XOpolleli KOPpO3HOHHOM CTOMKOCTbIO Kak B pacTBOpax IeJIO- 
yeli, TAK H B paCTBOpaxX MHOFHX MHHepaJIbHbIX KUCJIOT, B TOM UHCJIe B pacTBOpax 
HNOs wu B yMepeHHO KOHILEHTPHPOBaHHbIX pacTBopax HeSOs. YcToHuHBocTb 
»*e Zr B pacTBOpax, COMepKallHX MOHBI XJlIopa, CYMLeCTBeEHHO 3aBHCHT OT IIpH- 
podbl ApyrHX KOMNOHeEHTOB pacTBopa. Tak, Hampumep, Zr oOalaeT xopoulen 
KOPPO3HOHHOH YCTOHUYHBOCTbIO B UHCTHIX pacTBopax HCl u xmopHyoB MHOrHx 
MeTaJJI0B (1%), B TO BPeMA KaK B CMelIaHHbIxX pacrBopax HCl + HNOs, a Takxe 
B pacrsopax FeCls u CuCle Ha6ofaeTca 3aMeTHOe pacTBOpeHHe 9TOFO MeTaAa 
(?,°). 

Ha ocuose pe3ysbTaTos pa6ot (!~*) He mpelcTaBAeTCA BO3MOXKHbIM ycTa- 
HOBHTb HCTHHHbI€ MPpHYHHbI TAKOTO pa3JIMYHA B KOPPO3HOHHBIX CBOHCTBAaX ILHp- 
KOHUA B YKa3aHHbIxX pacTBopax. K comayleHHIO, aBTOPbI STHX MCceqOBaHMA 
OrpaHHYHJIHCb ONpeseseHHeM BeJIHYHHbI KOPPO3MOHHBIX MoTepb, He Y4HTHIBAaA 
IIpH 9TOM BeJIMYHHY SJIEKTPpOAHOrO NOTeHWHasla KOpposMpylioulero MeTaa. 
Bmecte c TeM OTMe4¥eHHoe pa3zviH4He B MoBeseHuu Zr OOycOBeHO, Mo-BHHMO- 
MY, Pa3JIHYHeM NMOTeHUHAaJIOB, YCTAHABJIMBaIOULMXCA Ha HEM B J\aHHbIX PacTBO- 
pax. Oro nolTBepKlaeTcA, B YaCTHOCTH, pesybTaTamu pa6oT (°,°), B cooTBeT- 
CTBHH C KOTOPbIMH OTMe4eHHaA BbIIe XOpoOllad KOppO3HOHHAA CTOHKOCTb 
B YHCTEIX pacTBopax HCl u xJOpHOB WeENOUHbIX MeTAIJIOB MOXKET ObITh Hapy- 
WieHa MIpH HaJiO%KeHHH AHOAHOM NOMAPH3alHW WM CMeLeCHHM 3JIEKTPOAHOTO Mo- 
TeHUHala JO HeKOTOporo KPHTHYecKoro 3HaueHHA. 

Jia NOHHMaHHA HaOMOLaemMoro BJIMAHMA CocTaBa pacTBopa H Apyrux ycuo- 
BHM OMNbITa Ha KOPPpO3HOHHOE NOBeeHHe Zr B pacTBOpax XJIOPHAOB B HacTOAMeH 
paOoTe MpoBexeHo Ooviee eTabHOe HCCIeELOBaHve 3aBHCHMOCTH CKOpOCcTH pac- 
TBOPeHHA 9TOFO MeTasa OT MOTeHIIMasa. 

J\ia pewienusa STOH 3aauH Obl HCTOb30BaH ONMCAaHHbIM paHee (’,’) moTeH- 
WWMOCTaTHYeCKHH MeTO, IPH MOMOULM KOTOpOrO OblIH NpoBeeHbl H3MepeHHA B 
1,0; 0,1 1 0,01 NV pacreopax HCl, a Taxxe (41a cpapHenua) B 1,0 N pacrBopax 
H2SO1, KBr u KJ. QuekTpoxamu cu1y2KUIM MiaCTHHKM W3 WHpKOHMeBOH 2xKecTH 
C BHAMMOl NoBepxuHocThio | u 3 cm?. [Ipumenasuiutica Zr umes uuctoty 99,8% 
(0,065% racbHus). Tlepex onsirom miacTHHKM O6e3%KUPHBaJHCb B CepHoM 3pupe, 
a 3aTeM NlOJ\BeprasIMCb KPpaTKOBpeMeHHOMY TpaBJieHHIo B 5% HF, c mocweqy10- 
Wei TIPOMbIBKOH B BOJOMPOBOAHOH HW B ABaKIbI NeperHaHHou Bose. Jia mpy- 
TOTOBJICHHA PaCTBOPOB HCHOb30BaAIHCb BOLa BOMHOM MeperoHKH HU TPH Ab 
meperHaHHble XHMMYecKH YucTHIe HCl u HeSO.. Ilepegx onpirom pactBop Aun- 
TeJIbHO HACbIMaICA OYHMMTCHHbIM a30TOM, KOTOPbIit MmpolycKasicad TakxKe BO 
BpeMaA Camoro oOnMbITAa. | 

PesyJIbTaTbl H3MepeHHit MOKasaJIM, 4ToO B pacrBope 1,0 N HeSOs. cramuonap- 
HbIM MOTCHIMaJI MH CKOPOCTb CAMOMPOH3BObHOrO pacTBOPeHHA WH PKOHUA MMeIOT 
3HaYeCHHA, PaBHbIe CooTBeTCTBeHHO — 0,16 ~— 0,18 B* u 5-107" a/cm? **. 

* mech, Kak H Be3fe B LalbHelileM, MOTCHUMAIbI MIpHBeJeHbI OTHOCHTeEMbHO NOTeHUMaa 
HOPM@JIbBHOrO BOOpOmHOrO 93IeKTpoRa. 

** OTH pe3yJIbTAaTEl JOBObHO 6.1M3KH K JaHHbIM, MoOyueHHbIM Banamosoit H Ka6anoppim(1>). 
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JoreHiMocTaTHyeckad KpuBad, H3MepeHHan ua Zr B IN  pactsBope HeSOa 

‘puc. 1, Kpupaa /), moKa3piBaeT, TO B 3TOM pacTBope Zr HaXOJHTCA B MaCccHB- 

40M COCTOAHHH ene 20 HawO*wKeHHA AHOAHOH NMOMApHsalMH UM 4TO 3Ta Tac- 

PMBHOCTb COXpaHHeTca Jalee BO BCeM HCCJIeqOBAaHHOM MHTepBave MOTEHIMAJIOB. 
Ilepexoq k pacrsopam HCl ue npusogur 


k S34Me€THOMY H3MeHeHHIO HH BeJIMYHMHBI CTa- 6(+.6.3) 
(HOH4PHOro NOTeHWHaa, HH CKOPOCTH CaMo- ~O2 Fon 
pacTBOPeHHA WHPKOHHA. SaBHCHMOCTb CKO- 0 


pocTH paCTBOpeHHA OT MOTeHIMaa B ITHX +Q2 2 
pacTBOpax BHayase CleLyeT TOM Ke KPHBOH, +04) + \30-——0-— oe 
4TO MH B pacrBope H2SOs. OgHako Takoe cos- +06 ee oe 
faeHe HaOsoaetcaA TOMbKO JO onmpeseen- +08 4 

Horo KPMTMYecKoro MOTeHUMAIa Pep, ApH fyjg Pome 
MOCTH2KEHHM KoTOporo HauMHaeTcA Heorpa- 77 

HuYeHHOe pacTBopeHve Zr B TOM CMHBICJIe, +16 

4TO B CTAaIlMOHapHbIX YCJIOBHAX BeM4HHAa +22 

sToro MOTeHUMasa MpakTHueCKH He MeHsAeTCA +28 

& yBeuH4eHHeM mloTHocTH ToKa. IIpu ramb- : 
BaHOCTaTH4ecKHX Ke H3MepeHHAX 93TO CBO- 6 7 6 5 4 3 2 afemé 


MuTCH K ToMy, 4YTO yBelHYeHHe aHOLHOrO ng 


ToKa COMpoBoxkMaeTcA TOJIbKO KpaTKOBpe- 
MeCHHbIM CIBHTOM MOTeHWHala B MOJO*KH- 
TeJIbHY!O CTOPOHy, Mocwie yero OH JOBOJIbHO 
ObicTpO BO3BpalllaeTcaA K HCXOAHOMY 3Haue- 
(HHI Qxp (pHc. 2). Puc. 2 noKaspiBaeT TakxKe, 
‘4TO H B IIpollecce YMeHbILeHHA IVJIOTHOCTH TOKA OT OOJIbINMX SHAYEHHH MPH Pxp 
HaOOfaeTCA TOMbKO KpaTKOBPeMeHHbIt CABHF MOTeHILMala B OTPHILATeJIbHYyIO 
CTOPOHY C NocweLyIOulLHM ObicTpbLIM BOSBPallleHHeM efO K HCXOJHOMY 3HaueHHIO. 
Tlonyyennpie aHubie 


Puc. 1. TlorenmuoctraTuueckHe 
KpHBble Ha Zr BpactBopax: / —1 WN 
HeSOa; 2—1 N HCl; 3 — 1 WN KBr; 

Ae iN KS 


8(1.8.3) NOLTBEpKMalwTresA pesyJb- 
440 TaTaMH W3MepeHHs KpH- 

042 aay, 3 
No ae k S19° 1S ®,  BbIX 3apsAxKeHHA (px. 3), 
046 t=5-10 afer" 510° 5 10 35 10° ag KOTOpble MOKa3bIBaloT, YTO 
t ues Fp ' B HauvaJibHble TepHObl 
050 BpemeHn Zr 3ano1apH30- 
052 } BbIBaeTCA JO MOTeHILMa- 

| 


JOB, JI@yKallHX 3aMeTHO 
MOJIOHKUTEMLHEE Pup. IIpu 
3TOM HaHjeHoO, YTO Mak- 


O 20 40 0 20 40 


0 20 Mun 


0 20 40 


0 20 2 50 80 100 


Puc. 2. W3menenve noTeHiHala BO BpeMeHH Mp mOCeOBa- 
TeJIbBHOM YBeJIMNCHHH H YMeHbIeHHH AHOMHOH MIOTHOCTH TOKa 


CHMaJIbHad BeHUNHA OT- 
KNOHEHUA MOTeHIWMasa OT 
@xp BO3pacTaeT Cc pocTOM 


0:4. HCl IJIOTHOCTH TOKa (TIpH no- 


CTOAHHOH KOHUeHTpallHy 
Cl-)"4 c yMenbileHHem KoHueHTpaunn Cl” (mp MOCTOAHHOM MNOTHOCTH TOKAa). 
Benwquna xp CyWleCcTBeHHO 3aBMCHT OT KOHWeHTpallun Cl wu conepuien- 
HO He 3aBHCHT OT BesuuuHb! pH pactsopa. I[loppiuieHve KOHIeHTpalnu 
xmopua B 10 pa3 cOmpoBoxKfaeTcA CMeLICHHEM Qxp B CTOPOHY OTpuilatTedb- 
HbIX 3HaYeHHT Ha BenMuuHy, OmusKylo K 65 MB. OTOT pesybTAT Haxo,UTcA 
8 XOpOlleM cormacvu Cc JaHHbIMH, NomyyeHHbIMH paHee B padoTax (°, °). 
Tlopegenue Zr B pacTBopax OpoMH0B HW MOAMOB NPHHUMNHabHO He OTJIH- 
qaeTca OT MopefeHuaA ero B pacTBopax xsopupzoB. Kak BuyHo u3 pue. |, 
@IMHCTBEHHBIM pe3ysbTAaTOM Mepexoga B pay Cl —Br—J- spasetca 
CMEWCHHE Qxp B CTOPOHY NMOMO*KUTeNDHBIX 3HaveHMH. CrelvambHbIMM OMBI- 
TaMu ObIlMO YyCTaHOBseHO, uTO NOOaBNeHNe K pacTBopy HCl conu tpexsa- 
JI@HTHOTO Kesle3a OKa3bIBAeT TakOe %Ke BMMAHHe Ha NoOBefenue Zr, Kak U 
HajlowkeHve aHOAHOH NOMApMsalluu, T. €. UpHBOAMT K CBury NoTeHIMala 
6 MOMOKUTeMDHYIO CTOPOHY, MpHYeM pH HeKOTOPOH KOHUeHTpaluu WoOaB- 
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jineMOit COJIH TOTeHIMa focruraeT KpHTHYéCKOTO 3HaYeHHA Qxp HM fasiee 
He Me€HseTCA C MOBbILMeHHeM COfepsKaHHA HOHOB Fe®* B pactTBope. 

Busya/ibHble HaOMOAeCHHA NOKasasM, YTO MPH MOCTHKEHUH Qxp (3a CUeT Ha 
JIOXKEHUA AHOLHOM NOAPH3aU“U WIM 3a CYeT BBeeHHA B pacTBop HoHOB Fe**)#) 
pacTBopeHHe IHpKOHHA OcyeCcTBIAeTCA He 
PpaBHOMepHO Tio BCeH MOBepXHOCTH, a HMeeT ABHOP 
BbIPaXKeHHbIM JIOKAIbHbIM XapakTep H NpHBOAUT] 
K OOpa3o0BaHHio muTTHHroB. IIpH sToM KouH- 
YeCTBO IHTTHHOB YBeJIHUHBaeTCA C YBeJIH4eHHeM# 
[IJIOTHOCTH TIOJIAPH3yroulero TOKa; yMeHbUleHuey 
TOKAa MIpHBOAHT, B CBOIO OYepeflb, K MaccHBalnn fl 
yacTH paHee OOpa30BaBLIHXCA MHTTHHTOB. 

VUcxoqa 3 MOJYSeHHbIX JaHHEIX, MOKHOF 
3AKJIIOUHTb, YTO arpeccHBHoe JelcTBHe HOHOB 
XJlopa CBA3AHO B JaHHOM Culy4ae Cc JlemaccHBa- 
WHeH YaCTH MeTAaJJIMYeCKOH MOBepXHOCTH, MpH- 
yeM HaOOLaemMbllt acpdPeKT CyULeCTBEHHO 34BHCHT 
OT MJIOTHOCTH MOJIApu3yloulero TOKa HM Boe # 
oOpaTHM B TOM CMBICJIe, 4TO MpH ycTpaHeHHH ff 
IPHUHH, BbISbIBAIONLAX AKTHBALMIO MeTAaJJIMUeC- # 
KOH MOBePXHOCTH, NocJieqHAA CHOBa MepexogUT | 
B TlacCHBHoe cocTtosHHe. Hanuune Taxol oOpa- § 
THMOCTH MO2KHO NOHATb M OObACHUTD, eCJIM pes | 

MOJIOMKUTb, YTO B PaCCMATPHBaeMbIX YCJIOBHAX | 
oe a ce seas Ha MOBepXHOCTH MeTaJIa MpoTeKaloT Ba B3aKM- | 
HCl:' 11,0 V; 2—0,1 N; HO KOHKypHpyloulHx mpomecca: naccuBupyiomas | 

8—O,01 N alcopOuunA KHCOpoa BOLI H BbITeCHeEHHe 3TO- | 

TO KHCOposqa raviOM{HbIMH HOHAMH *, 

Tor akT, 4TO PaylOMHbIe HOHbI HAYHHAIOT BbITECHATL KUCOPO TOMbKO pH 
JOCTHXAKEHHM OMpeeseHHOrO NoTeHWMala, LaeT OCHOBAHHE CieaTb BbIBOL, ITO 
MMMTTHHPOBaA KOPpO3HA MOXKET PasBHBaTbCA TOJIbKO B TeX Cy4aAx,Korfa KOp- 
POAMPYIOWMH MeTAJIJI B HOPMAJIbHBIX YCJIOBHAX OOsaaeT Ooslee BbICOKMM Cpor- | 
CTBOM K KHCJIOpoy, YeM K CooTBeTCTBYIOIWeMy TaslouLy. Hanomwenve aHoqHow 
NOJAPH3alHH MW CBA3AHHOe C 3THM MOBbILeHHe MOMOKUTeEIbHOTO 3apata | 
MeTAJIJIMYeCKOH TOBEPXHOCTH, COMpoBoOrKAalolleecA NOMAPH3alHe TaslOHHbIX 
HOHOB, IIpMBOAHT, NO-BHJMMOMy, TaK%Ke H K MOBbIIeHHIO HX XHMHYeECKOM 
akTHBHOCcTH. Ilo STO MpH4MHe MpH AOCTHKeHHH HeKOTOPOrO MoTeHWHala y To- 
BeEPXHOCTH CO3MalOTCA yCJIOBHA, KOra CpOACTBO MeTaa K TasoHAy HayHHaerT | 
TIPCBOCXOLUTb €FO CPOACTBO KexKHCOpony. 

OueBHLHO, YTO BOSMOXKHOCTH AcopOUMOHHOPO BLITeCHEHHA MacCHBUpyloulero 
KHCOpOfa TasOMLHbIMH MOHAMH oMpesesseTcCH He TOJIbKO BeJIMYMHOM 9J1IeK- 
TPpoOAHOro NOTeHWMala, HO WH KOHIEHTpallHelt raylOHMHbIX HOHOB y MOBepXHOCTH. 
MeTaJlla, KOTOpad B KaxKOM Cylyyae JOJKHA JOCTHYb HeKOTOpOrO KpHTHYe- 
cKoro 3HayeHHA. Kak OblvIo NoKa3aHo HeaBHO Dureviem u Crovuia(®), cCTHMyJIH- 
pytollee BJIMAHHe MOHOB XJIOpa Ha KOPPI3HIO NaccHBHOrO %Kesesa HaOsmOMAeTCH 
TOJbKO IIpH JOCTHKCHHM HeEKOTOPOH KPHTHYeCKOH KOHICHTpallMH STHX MOHOB. 
B pacTBope. | 

EctecTBeHHO BO3HHKaeT BOMpoc: NoyeMy B 39TOM Culy4dae JemaccuBupyerca 
He BCA MOBEPXHOCTb MeTAJ1a, a TOJIbKO OTJCJIbHbIe, CPaBHUTeIbHO HeEOOMbUINe 
ee y¥aCTKH, KOJIMYECTBO KOTOPbIX BO3PaCTaeT C YBeEJIMYeHHeM MVIOTHOCTH TOKa? 
Ilo Hamiemy MHeEHHIO, 9TO CBA3AHOC TeM, UTO NOABOM FaJIOMAHbIX HOHOB K MOBepx- — 
HOCTH MeTAJIJIa OCYUIECTBIACTCA MPeHMYULeCTBeEHHO 3a C¥eT MepeHoca HX TO- — 
KOM. B noub3y Takoro Mpesnosox*KeHHA TOBOPHT HaOmIOaemanA 3aBHCHMOCTb 
adeKTUBHOCTH JeHCTBUA HOHOB XJlOpa OT MpHpoOsbl H KOHWEHTpalMH OCHOBHOFO: 
aueKTpouuTa. PesyibTaTbI HalIMX H3MepeHHH NoKa3aJiH, HaNpHMep, YTO OTMe- 
YeHHOE BbIllle BJIMAHHe HOHOB Cl~ Ha aHOAHOe PaCcTBOpeHHe WMPKOHHA B pacTBOpe | 


‘ 


* CxoHbIli MeXaHH3M JIA aHO_MOrO MOBexeHHA Fe B UIeOUHEIX pacTBopax XMOpHOB OBIT 
mpeqiowkeH pavee Baniokopol Hu Ka6anosnim (14), 
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He 


tyIbPaTOB MOJIHOCTbIO WCuesaeT, KOFa OTHOWIeHHe KOHIeHTpaluu cysbpata 
K KOHI[CHTpalluu XOpuya Jeiaetca O1H3KHM K 5. Ec, OMHaKO, B KayecTBe 
SCHOBHOPO SVIEKTPOMHTA HCHOMbSOBATb MepXNOpaT, aHHOH KoTOporo ABMAAeTCA 
OAHOSapAAHBIM, TO KPHTHYeCKOe OTHOINeHHE KOHIeCHTpPallMii MpakTMyecKH yJ- 
BaMBaeTCA, T. e. AemaeTcA O1Hu3KuM K 9—11. 

YuMTbIBAA, TO paCTBOpeHHe TBepforo MeTada BCerma OCyuLeCTBAAeTCA 
& HEKOTOpOlt HepaBHOMepPHOCTHIO H, CJleOBaTe/IbHO, BCera HMeeT MeCTO HepaB- 
HomMepHoe pacnpesesieHve aHoHOro TOKa M0 NOBEPXHOCTH, ECTECTBCHHO OXKULATh, 
4TO KOHILCHTpall4A MOHOB raiousla JOcTHraeT KPHTHYeECKOrO 3HaydeHUA B MepBy1O 
Ouepeyb y TeX HEMHOFMX y4aCTKOB, KOTOPble pacTBOpAIOTCA C HaMGoVIbUell CKO- 
pocTbio. OuesuHO, 4TO HavaBUIAACA AKTHBAILWA 3THX YUACTKOB BbI3bIBAeT elle 
Oomee HepaBHOMepHoe paciipesesienue ToKa H elle Goee HanpaBJeHHDIi MOABOL 
K HMM raslOM{HbIX HOHOB. YUTHIBAA, YTO Pxp WHPKOHUA B PacTBOpaX XJOPHOB 
OOLIMHEIX KOHICHTPallHii JlexKHT 3aMeTHO MOJIOXKUTeMbHEe MOTeHIMala maccnBa- 
MMM STOFO METAJINA, MOXKHO OAKMLATH, UTO paCTBOPeHHe AKTHBHBIX Y4ACTKOB Oy eT 
OCyIeCTBIATECA C Mpy3sHoHHLIM orpaHHueHvem, OularoqapaA uemy yBeuHue- 
HHe MOJAPH3ylOulero TOKA HeH36exKHO JOJMKHO MpHBOLMTb K YBeJIMYeHHIO pa3- 
Mepa HJM KosHYecTBa NuTTHHOB. Ilo sto NpHuNHe HCTHNHaA MAOTHOCTb TOKa 
Bcera ocTaeTcCA MOCTOAHHOM, TO, MO-BHMMOMy, OOecneyHBaeT HaOwIO,aemMoe 
Ha OMbite MocToAHCTBO MoTeHMala B LIMpoKOM MHTepBaste MJIOTHOCTeli TOKAa, 
paccuHTaHHBIX Ha BHMMYIO MOBepXHOCTD. 
_ EctecTBeHHO MpeANoJIOKUTb, YTO FasIOMAHbIe HOHbI, Moce BHITeCHeHHA HME 
MaccHBUpylollero KHCOpoka, NpHHHMAaIOT HeMocpescTBeHHOe yuacTHe B 3/IeMeH- 
TapHOM aKTe HOHH3alLHH aToMoB WupKoHHa (19,1!) nytem o6pa30BaHHA B KayecT- 


Be IlepBHYHIX MPOMyKTOB pacTBopeHusa KomMueKcos Tuna ZrCl¢—”*. [pu stom 
'YCJIOBHH, OLHAKO, MOXKHO O*KUJATb TOPMO*KeHHA Mpoecca, BbIsBaHHOrO MeMIeH- 
HOCTbIO MOsBoa HOHOB raviona B 30Hy peakuun. IIpopeyqeHHple HAMM H3Mepe- 
HUA NOKAa3a/IH, YTO STOT BLIBOM He CormacyeTcaA C OMbITOM, TaK Kak JlaxkKe pu 
CpaBHHTebHO HeOoO/bUIOH KOHWeHTpanun Cl-~ yBerH4eHHe MIOTHOCTH TOKa 
BoTb Zo 100 ma/cm? He BbI3bIBAeT 3AMETHOFO OTKJOHEHUA NOTeHILHaa OT KpH- 
THYeCKOrO 3HaueHHA (cM. puc. 1), HO STOT pe3sybTAT MOXKHO OObACHHTH, eCJIM 
yuecTb CKa3aHHoe BbIllle 0 Oovlee BLICOKOM CpoOscTBe MeTaJIIa K KHCIOpoLy, 4eM 
K XJOpy, TaK KaK Ip 3TOM yCJIOBHH KOMIVJIe€KCHbI€ HOHbI yKa3aHHoro TuNa 
Heu36eKHO JOJMKHbI PHAPOJIM30BaTLCA TO Mepe Aupy3HH UX OT MOBepXHoOCcTH 
MeTaJa B pacTBOp C OOpa3s0BaHHeM KHCJIOPOAHbIX KOMIVJICKCOB MeTaJIIa HW CBO- 
OoHbIX HOHOB raslova, KOTOpble CHOBA CMOryT IPHHHMaTb y4acTHe B Mpowecce. 
Takum o0pa3om, He BXOJA B COCTaB XHMHYECKHX MpOMYKTOB, FasIOHAHbIe HOHBI 
HIpaloT POwJlb CBOeEOOPAaSHBIX KATAJH3aTOPOB KOPPO3HH WHPKOHHA. 

Cy Mo MMeIONIHMCA aHHbIM, MpeWO*KeHHbIh MeXaHH3M OOpa30BaHHA U 
Pa3BHTHA MUTTHHTOB Ha Zr NPHMeHMM TakxKe UM JIA Weoro pAa Apyrux MeraJi- 
OB, TakHx Kak Mg (}?), Al (2°), Fe (#4) u ap. 


@u3NKO-XuMHYeCKHH HHCTHTYT Tlocrynusto 
uM. JI. SA. Kapmosa 13 X 1960 
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Jloxxaygn AkagqemMun nayKk CCCP 
y 1961. Tom 137, Ne 3 


PH3HYECKAAH XHMHFA 
10. B. MAEPHO u fF. B. CAMCOHOB 


IJEKTPHYECKME CBOMCTBA FEKCABOPHOB 
LIEJIONHO-PEXKO3EMEJIBHbIX METAJIUJIOB WH TOPHS 


(IT pedcmaeaexo axademuxom A. H. ®pymkuxoim 18 XI 1960) 


HiccseqoBaHve 3JIEKTpHYeCKUX CBOHCTB TeKCaOOpHAOB WLeJIOUHO- H peKo- 
3€MEJIDHLIX MeTaJJIOB, @ TaKKe AKTHHHJOB MpeCTaBMAeT CyULeCTBeHHbIM HHTe- 
pec Kak C TOUKH 3peHHA NOHHM@HHA NpHposb PU3HYeCKHX CBOHCTB, TaK H B CBA- 
3H C IIpaKTH4eCKHM HCTIO/Ib3OBaHHeM ITHX COCEAMHEHHH B Ka¥eCTBe KATOAOB MOIL- 
HbIX T@HEPaTOPHBIX YCTPOHCTB 3/IeKTPOHHKH ('). B page paOoT NpoBosHocb On- 
peweeHHe 3JIeKTpHy¥ecKoro compoTuBuieHHua (7-4), TepMo-9. J. c. (*,°) HeKOTOPBIX. 
H3 yYKa3aHHbIX OCOpHoOB, a TakxKe KoIPpHUHeHTa Xovia OOPpHAOB MaHTaHa H Ca- 
mapua (°,®). OwHaKo JaHHble 9TH He ObivIM CHCTeMaTHYeCKHMH, ONpesemeHua mpo- | 
H3BOAHJIHCb B Pa3s/IMUHbIX YCIOBHAX H He BCera YYHTHIBAJIOCb BJINAHMe Ha 371eK- 
TpHueckHe CBONCTBA MOpHCTOCTH OOpa3lloB, KoTOpad uHOrya octTurana 50%.. 

B HactosiieHh paOote Ha OMHHX HM TeX %e OOpasiax OblvI0 MpoBeeHO COB- 
MeCTHOe H3MepeHHe YJeJIbHOrO JJIEKTPHYeECKOFO COMpOTHBMeHHA, sdppekTa Xoui- 
Jia, TepMO-9. J. C. H TepMHYecKOrO KoSsdPHUveHTa 3eKTPHYeCKOTO COMpOTHB- 
JeHusd, OOpa3siibl HMeIH BH Napadenenumeqos pasmepom 12X2,5x0,5 mM, | 
KOTOPbI€ BbIPe3aIHCb QJIEKTPOSPO3HOHHbIM MeTOJOM M3 TopsA¥eMpeccoBaHHbIx 
OopHAHEIX 3aroToBoK. Ilopuctocts o6pa3ioB coctaBasa oT 1,5 Zo 22%. Tans | 
oOecheueHHA Hafey7KHbIX KOHTAKTOB Ha KOHILbI OOpasiloB IJIEKTPOJIHTHYeCKK 
HaHOCHJIaCb Melb. 

H3mepeune Kosppunnenta Xoa MpoBosHocb B Mose 12 500 sper. A6co- 
JHOTHOe 3HaYeHHeE TepMO-9. J. C. PACCYHTLIBAOCb C YYeTOM 3HaYeHHA TepMoO- 
9. . C. Me, B Mape Cc KOTOpOH NpoBOAMIHCb u3sMepeHHa (’). 

Yvcso o6pa3ioB KaxKLoro CoeqHHeHHA CocTaBAIO OT 3 WO 8, YTO NOSBOHO 
JOCTATOUHO YBEPeHHO YKCTPAaNOJHPOBaTb NOJYYeHHble 3HAYCHUA BJIEKTPHUeCKO- 
ro COMpOTHBJIeHHA WH NOCTOAHHOH Xovwa Ha HYJeBy!O MOpPHCTOCTh (Cc HcM01b30- 
BaHHeM MeTOJ\a HAMMeHbINHX KBapaTos). 

TlowyueHHpie 3Ha4eHHA TIpHBeseHbI B Tab. 1. C membto OLEHKH BO3MOXKHOCTH 
IIPHMe€HEHHA OHOSOHHOH MOseIM K PpaCCMaATPpHBaeMbIM COCAMHEHHAM B COOT- 


BeTCTBHH c paooTtolt (°) Obi OMpeqeseHb! BeHuHHE 6 = af = n,u? — n_u? 
ep? ++ as 


(Tak Kak B IpeQNOO%KeHHH 3apxZOB Apyx’ 3HakoB Koop puuNeHT Xowsa 
*h nu? —n_u® Pe ‘ 
a rR. HW CONPOTHBJeHHe p a A 

JleHHble B TaOu. 1. 

Kak BHHO, BO BCeX C/ly¥anx, 3a HcKMOueHHem SmBe, aOcouI0THad BeuJH- 
yuna 6 JOcTaTOUHO BeMKAa, YTO CBUeTeIbCTBYET O BECbMAa CYIeCTBEHHOM pouH 
39JIEKTPOHHOM MpoBOLUMocTH B reKkcaGopuyax. Mcxoxa u3 STOrO, B OMHO3OHHOK 
Moyes ObIIH pacCUHTaHbI 3HaveHHA KOHILeHT pallu aieKTHBHbIX HOCHTeeH 
TOKa 7° Ha aTOM MeTaJIa M MX MOABHXKHOCTH uw". Bo Bcex CyYadx, OATS KPOMe 
rekcaOopua CaMapus, YUCIIO SteKTHBHBIX HOCHTeJel AIA PeKCaOOpHAOB Tpex- 
BaJICHTHBIX PCKO3CMEJIbHbIX M€TAJIOB MAIO OTMH4YAeTCA OT WeJIbIX YHCE, YTO 
NOATBEP2KLaeT BOSMOXKHOCTh UCHOMb3OBAHUA OHOSOHHOH MOseVIH. 
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), TakxKe mpHBe- 


Ta6Ganna 14 


| OMeKTPNYeCKHe CBOHCTBa rekcabopuyzoB 


Yu. anexr- Tepmuy. Koad. TloqB Hx H- 
a poconpo- | Kos. Xonna |Tepmo- |9eKTpoconpo-|Kou. HOcHTe-| HOCTb HO- 8.1024 
opuy THBsJeHHE ea) |B. lcs, EERIE nei TOKan* ,d1.jcuTerel u*, cM 
pe, pom-cm | R-10+, 24 p-B/rpay ee Ha datos, Dike — BceK? 
| 
Ca Be 222 —91,0 32,8 +41,16 0,05 41,0 11,5 
Sr Be 114 —176,3 —30,3 +0,83 0,06 68,7 — 38,7 
Ba Be ful —57,5 —26,2 +1,08 0,08 | —60,5 
eee 40 — 4,06 |— 0,5 +1,24 0,96 11,4 —17,8 
La Be 15,0 — 4,96 |+ 0,1 +2,68 0,90 33, 1 —137,8 
Ce Bg 29,4 — 4,18 |+ 2,8 +1,00 1,06 14,2 —30,2 
Pr Be 1105 D — 4,33 |— 0,6 +41 ,92 1,02 22,2 —i1,1 
Nd Be 20,0 — 4,39 |+ 0,4 +41,93 | 1,00 22,0 — 68,5 
Sm Bg | 207,0 +1,54 /|+ 7,6 —0,42 2,86 0,74 +0,2 
_ EuBg 84,7 —50,2 7,7 -+0,90 0,09 59,3 —43.7 
Gd Bg | 44,7 aon ioe Od +1,40 0,94 9,8 —43,7 
Tb Be 37,4 —= 4,0] |— 44,1 +1,31 0,94 12,2 — 20.4 
Yb Be 46,6 —83,6 —25,0 +2,34 0,05 179,4 — 240,3 
Th Be 14,8 — 2,18 |— 0,6 +2,31 ou 14,7 —G201 


Tekca6opubl ABYXBaJICHTHbIX MeTaJIJIOB — KaJIbILMA, CTPOHIMA, Oapua, 
eBPONHA MH HTTepOUA — UMEIOT OUeEHb MaJIy10 KOHILEHTPaLHiO CBOOOJHLIX 3J1eKTPO- 
HOB, TAK KaK BeCb 3JIEKTPOHHBI KOJVJI€KTHB yUaCTBYeT B OpraHHsalluH CcBA3eH, 
T. €. MpPOHCXOAUT 3anoJIHeHve BaJIeHTHbIX YpoOBHeli. CpaBHHTeJIbHO HeBbICOKOe 
COMPOTHBJIeHHe STHX COeHHEHHH OODACHAeCTCA BbICOKOH MOLBHXKHOCTbIO HOCH- 
TesleH, CBASAHHOH, B CBOIO OYepesb, C MAJIbIM HX PaCCeHHHeM B 3alloJIHeHHOH 
Mosioce. Oco6eHHO CHJIbHO MOBbILIGHHe MOXBHXKHOCTH MpOABJAeTCA y reKca6o- 
pula uTTepOuA, UMelOllero 3anOHeEHHBI BEICOKOJIeKaLLHH 4/-ypoBeHb. 

Texca6opubl TpeXBaJIeHTHbIX PeKO3EMEJIbHbIX MeTAJIJIOB XAPAKTEPH3yIOTCA 
HaJIMUHeM OJHOFO CBOOOAHOrO 3/eKTPOHA Ha ATOM MeTAJIJIa, a YeTLIPEXBaJIeHT- 
HOrO TOPHA — AByX CBOGOAHBIX 3JeKTPOHOB. ITO corjacyeTcA C OMHAKOBBIM 
XapakTepoM CBA3eH y BCeX H30MOpdHbIxX rekcaOopHoOB. 

SHayeHHA TepMO-3. A. Cc. TeKCAOOPHAOB TPeXBaJIeHTHIX MeTAaJIJIOB H TOPHA 
OYCHb MAaJIbI, UTO CBAZAHO C OOVbINOM KOHILEHTPallHeH CBOOOAHbIX 3JIEKTPOHOB. 
Tepmo-9. J. c. 6opHoB ABYXBaJICHTHbIX MeTAJIJIOB 3HAYHTebHO BbIlle, IpH4em 
B pay CaBs — SrBe — BaBe ona HecKOJIbKO CHMKAeTCA. 

TepmuyeckHi Koa*pPHIMeHT 3/IeKTPOCONPOTHBJIeHHA B MHTepBasie J—100° 
MOJO*KUTeMeH, 3a HCKMOUeHHeM rekcaOopHya caMapHA (Y KOTOPOrO OH OTPHila- 
TeleH lo Temnepatyppt 300°, Bbitlie KOTOPOM COMpOTHBJIeHHe BHOBb Bo3spacTaent). 
VintepecHo OTMeTHTb, ITO MeTaJIIM4YeCKHI CaMapHit Takx%Ke OOHAPyxKUBaeT aHo- 
MaJIbHoe MoBefleHHe B TeMIepaTypHOl 3aBMcHMocTH sipdexTa Xowa. 


MucruTytT MmetaiiokepaMHKH H CreWHaJIbHbIX CIVvIaBOB Tloctynuao 
Axkajemuu HayK YCCP 17 XI 1960 
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Torzaygn Akaygemun nayrk CCCP 
1961. Tom 137, Ne 3 


®PH3SHTECKAA XHMHA 


B. H. WHMYJIHC un B. M. TPA3HOB 


O MOABH)KHOCTH ATOMOB II0 MOBEPXHOCTH KPHCTAJLWIA 
MPH TEMMEPATYPE NJIABJIEHHSA 


(ITpedcmasaexo axademuxom M. M. J[y6ununem 14 XI 1960) 


B TepMOAHHaMHyeCcKHX pacueTax PAA alcopOUMOHHBIX MpOleccoB OKa3aJIOCb 
HeOOXOJMMbIM JlaxKe IIpH HeEBbICOKHX TeMMepaTypax YUHTbIBATb 9HTPOMHIO By- 
MepHOro NocTyNaTeJIbHOrO JBHXKeHHA MOJieKya afcop6arta ('). IIpu Temmepaty- | 
pax Bpuue 0,3 Ty, MpoABAAeTCA TlO- 
JBHXKHOCTb TOBePpXHOCTHBIX ATOMOB 
KPHCTaJJIOB (CM., HaripHMep (?)), Ha- 
3bIBAeMAA Jaslee NOLBHXKHOM aBToal- 
cop6uneit. loqBuxKHOL aBToaycopOuH- 
eli ATOMOB Ha NOBePpXHOCTH M/1aTHHBbI 
H MawaquA yLaiocb OObACHHTb OCO- 
OeHHOCTH KaTaJIMTH4YeCKHX CBOHCTB HX 
pH BbICOKHX TemMepatypax (*°). 
IlpeqakcnoHeHIHaJIbHbIe MHOKHTe- 
JM KOHCTaHT CKOpOCTH KaTaJIHTH- 
YeCKOH peaKIHH, BbIUHCJICHHbIe C 
Puc. 1. Cxema yuacrKa MloTHOynakoBaHHoh YYCTOM SHTpPOMHu ,BYyMepHoH nmojy- 
rpaHu: /|— aToM Bu3some cTyneHH pocta;2— BHXKHOCTH aTOMOB MeTaJuJa, YAOB- 
tha lg rr aycop 6upoBaHHblii Ha rpani, JIETBOPUTeJIbHO coracy!oTca C SKC- 
anf it Gent pocra pOupopaniibiii Y nepymentanbupmu (*). B cBa3sH c 

W3JIOVKCHHBIM TIpecTaBJseTCA WH- 
TEPCCHbIM OWCHHTb CTeNeHb MOABHXKHOCTH ATOMOB MO MOBepXHOCTH KpHcTaJ- 
JIOB IIpH TeMMepatype mmaBseHus. 

OKCNepHMeHTaJIbHbIe WH TeopeTHueckHe HCCJIeEMOBaHHA NepeHoca BelllecTRA 
M@XKLY KPHCTaJVJIOM H MapoM WIM pacnaBoM noKa3auu (°), uTo Ha rpaHAax Kpu- 
CTAJIJIOB CYMIeCTBYIOT HELOYKOMMJIEKTOBaHHbIe CJIOM TOJMMMHOM B OAHY 4aCcTHIy, 
Kpaa KOTOPBIX ABJIAIOTCA CTyMeHAMH pocta. Ha puc. | cxemaTH4ecKH MpescTaB- 
JieH yYaCTOK MIOTHOYNaKkoBaHHok rpaHH. ATOMbI BepXHero CJIOA 3allITPHXOBAaHbI. 
[lon02%KeHHA MOBePXHOCTHOrO aToMa, OOO3HayeHHbIe Wudpamu J, 2, 3, orM4aloT- 
CA YHCJIOM ero CBA3eH C Apyrumu aTomamu. IlycTb@-2HepruaA CBASH NOBepXHOCT- 
HOTO aTOMa C HeMocpeACTBeHHBIM CocesoM, H P~’—SHEPrA CBA3M CO CJleLYIOULUM 
O/I1M7KaHWIHM aTOMOM. Pa3HocTb 4YHCAa TAKHX CBA3eH JIA ABYX MOMOMKeHUM ATOMA 
MO?KHO PpaCCMaTPpHBaTb KaK OTHECeHHOe K OMHOMY ATOMY H3MeHeHHe SHTAJIbIIMA 
CHCTeMbI IIpH COOTBETCTBYy1oOllleM Mepexoye. Ilepexog aroma, HENOABMXKHO ascop- 
OupoBaHHOoro Ha rpaHH, B COCTOAHHe NOABMKHOH acopOWHH BO3MOxKeH yxe 
MIpH ocia6ieHHH OLHOM HH JByX cBaA3eH, Oe3 HX PaspbIBa, ITO MOKA3aHO B 
Ta61. 1 MHomwuTesem a < 1, 3HaYeHHA a 3ABHCAT OT IPHPObl KpHCTaa HM pac- 
CMAaTPHBaeMOH TpaHH; OHM WIA aHHOTO BeULeECTBA NOCTOAHHHI TOJIbKO B Mpese- 
ax Kako crpoku Ta6u. 1, [na oeHKH JHEP CBASH P Celaem OODIGHBIE 


mpelosoxKeHua, ito AH] papno TemoTe cyOIMMalHun up > Q’; HalijeHHpre 
3Ha4eHHA id 28 MeTamJOB Ip TemMepaTypax HX WwiaBseHuA cM. TAO. 2. 

Ilpu nepexoge aromos u3 oObema pemieTKH B MovoxKeHuA 1, 2 u 3 (puc. 1) 
H3MCHeHHA SHTPONHH HeBesuKH (°,’). HanpoTus, Nepexog B COCTOAHMe NOABUX- 
HOH ABTOAaCOpOWuH, B KOTOPOM aTOMY MOXKHO IIpHMMCaTbh ABe MOCTyMaTe/IbHBIe 
HM OAHY KoseOaTeIbHY!O CTeMeHH CBOOOLE OTHOCHTebHO pellleTKH, OyZeT conmpo- 
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Ta6nununa 1 


H3MeHeHHA 3HTAJIbIMH MIpH HeKOTOPHIX Mepexoyax AaTOMOB 


PS eT ce a ELE Ga SD) LET a ae eS eT = ee 
‘Tun pemerku Tpaup A Hy A HY A Hg A Ae 
excaroHasmbuaa 
maotHelimas A3.| (0001) 30 ao 39 + ap 6e + 89’ 
PaHelleTpHpOBaH- 

Haan KyOuu, Al (4114) 30 ap 30 + ap 6p + 3p’ 
’ (100) 2p ++ 20” 2a~ 2p (1 + a) + 29° 60 + 39” 

ObemuomeHTpH- 
/popan. Ky6u4.A2} (110) 2p +0" a(p + 9’) @ (2+a) +’ (1ta) Le + 3—" 
(100) 20 Qa@ 2 (9 + ae) hp + 36° 


0 
| Tipameuanune. A Ay — H3JIOM cTyneHH — agcop6uHa Ha rpaHH; A He ameopOluHA Ha rpaHH — 


0 
Q7BHxKHaA aBroagcop6una; AH2—u3sn0M cTrynteHH —noABMxKHad aBToagcop6una; A HY — H3J1I0OM 
ryneHu — map. 


Ta6Onmuna 2 
lesyibTaThl pacueTa TeMNOTHI Nepexofa aTOMOB H3 H3JIOMOB cTyMeHef pocra B cCocTOAHHe 
' NOABHKHOH ABTOANCOPOWHH AIA HEKOTOPBIX MeTAJIJIOB. 


iN or 3.e. AH r KKaJi/r-aT Yucno pBy- 
am pe-| Sne- | 1 oK ES, ne Sueprua ceasu | MHXcA cBaselt 
ere MeHT . , | —.————__. |---| 9, KKaui/r-aT 

: min max min max , min max 
A2 U 1406 19,4 2254 27,3 31,5 28,0 1,0 tod 
Li 453,7 19,4 23.9 8.8 10,8 O57 0,9 454 

ea) 1968 19,0 21,6 37,3 42,4 32,5 1,1 1,3 

Rb 312 17,6 21,2 5,5 6,6 4,90 4,4 a3 

Cs 301 ,8 2) 20,5 5,4 6,5 4,65 ee 1,4 

, Tl 77 20,6 25,3 41,9 14,6 10,6 Be | 1,4 
Na 370,97 19,6 24,2 1,3 9,0 6,5 45d 4,4 

336,4 18,4 pe | 6,4 1,4 5,35 AP | 1,4 

Hf 2250 22,5 26,8 50,6 60,5 41,4 1,2 o Wes 

Ay 2125 21,5 25,2 45,6 53,5 36,0 1,3 1,5 

Nb 2770 22,8 27,0 63,0 74,8 44,0 1,4 ey 

Ti 41950 21,0 24,6 41,0 48,0 27,0 £°O 1,8 

V 2190 22,0 25,9 48,2 56,6 29,6 1,6 19 

Fe 1812 21 2 25,0 38,4 45,3 23,5 1,6 1,9 

Al Pt 2043 2352 27,3 47,4 55,9 22,0 2,2 2,5 
Au 1336 PES | 28,4 30,8 37,9 13,8 2,2 aye 

Ni 4728 22,0 26,4 38,0 45,6 16,4 2,3 mee: 

Rh 2239 2259 27,2 51,2 61,0 pins 2,4 2,8 

Co 4768 21,9 25,4 38,7 44,9 16,3 2,4 2,8 

Cu 1356 a pal 28,4 31,3 38,2 13,2 2,4 2,9 

Ag 4234 22,6 27,4 20,0 33,8 fat 20 3,0 

Ir 2727 one 28,2 64,6 edgh 24,4 ant ay 

f Pd 1823 22,8 27,2 44,5 49,6 15,2 MT 3,2 
A3 Ru 2700 24,2 29,0 65,3 78,2 23,7 2,8 3,3 
Os 3000 24,8 30.0 74,5 90,0 26,3 2,8 3,4 

Cd 594 21,4 26,6 12,7 155.5 4,37 2,9 3,5 

Zn 692,7 22,0 2152 15,2 18,8 5,4 3,0 Bye 

Mg 923 21,8 25,7 20,0 23,7 5,75 3,4 4,1 


302%KaTbCA 3HAYHTebHBIM H3MeHeHHeM JHTpOMHH. YUNTHIBad yMeHbIUeHHe 
IPOUHOCTH CBA3H MOABH2KHO ajlcopOupoBaHHOro aTOMA C pellleTKOH Mo CpaBHeHU1o 
2 ATOMOM, HaXxOJAUlMMCH B y3Jle KPHCTaM4eCKOM PellleTKH, MOXKHO Nosaratp, 
aro JIA M3OTPONHOrO KpHcTasa yacTOTa TaKHX KONeOaHH MoJMKHa ObITb 
avoKe, A AHTAPpMOHMUHOCTD BBIe, YeEM AIA ATOMAa B OObeMe. KpHCTaMUeCKOl 
JemeTKH, Ilostomy KoseOaTenbHad SHTPOMHA NOLBMXKHO acopOupoBaHHoro 
aTOMA JlOJDKHA ObITb BBIIe, eM SHTPONHA, OOycOBMeHHaA KoMeOaHHeM BJOJIb 
JIHOH HOPMAIbHO KOOPAMHATHI ATOMA, HaxOJAllerocd B y3vle KPHCTaWIM4eCKOH 
pemerku. C fpyroli cropoubl, Tak KaK BeMYHHA SHTPOMMM NOKASbIBAaeT CTeNeHb 
HeyMopAOUeHHOCTH B CHCTeMe, TO SHTPONHA, COOTBETCTBYIONaA OLHOM CTeneHHn 
CBOOOAHI sO6Oro KoseOaTebHOTO JBYXKeCHHA, LOJOKHA ObITb MeHbIUe, 4YeM WIA 
OHO CTeMmeHH CBOOOLLI NocTyNaTesbHOrO ABMoKeHHA. 

_ Takum o6pasom, y aToma, tlepelleqitero B COCTOAHHe MOABHXKHOH aBTOaycopo- 
anu, ype cTenmeHv CBOOO{b KoeOaTebHOrO ABMXKeCHUA 3AMCHAIOTCA ABYMA CTe- 
MeHAMM CBOOOMLI NocTyNaTeMbHOrO ABHXKeHHA, a JHTPOMMA KOIeOaHuA Takoro 
ATOMA OTHOCHTEJbHO pelleTKH JeKUT MEXKLY OMHOM TpeTbiO OT SHTPONMM aToma 
8 oObeMe KPHCTaNa MpH AaHHOM TeMilepaType H SHTponveM OfHOMepHoro M0- 
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CTYMaTeJbHOrO ABYKeCHHS. MwyvuumMasibHoe cTaHyapTHoe H3MCHEHHE SHTPOMIH! 
IIpH mepexose B COCTOAHHe NOABWXKHOM aBToacopOnHH: 

min AS? = .St —0,67,ST. (1) 
Sylecb oST — CTaH]apTHadA SHTPOMNHA ABYMepHOro TIOCTYNaTeNbHOrO ABHKEHHS 


0 
MOJIA HWeasbHOrO raza pH Temnepatype T; ,«S7 —cTaHqapTHad 9SHTponud 
MOJIA BelleCTBa B KPHCTAJIIMYeCKOM COCTOAHMHM Ip Temiepatype 7 HM BHeLIHeEM) 
yapneHuu B | atm. Jina MaKCHMasIbHOrTO H3MeHeHHA JHTPONHH MoOyaMM: 


0 0 0 
max AS; =3;S7 — xS7r, ; (2) 
re 3Sr — 39HTPOMMA TpeXMepHOrO MOCTyNaTebHOrO ABUXKeHHA MOA Wleasb+ 


Horo ra3a C MOJIeKyJIAPHbIM Becom M mpu WaBieHHu B 1 aTM., KoTOpasd onpele4y 
JideTCA cCuelyIouluM oOpa3om: 


3St = RinM"T*— 2,30. (3) 
Bpipaxkenne Lid NMOCTYMaTeJbHOM SHTPOMHH AByMepHOro raza HMeeT BHI - 
2St = Rin MTA + 65,80, (4) 


re A — nuomakb, MpHxofaancA Ha Kaxylo alcopOupoBaHHyl0 MOVJekyuly. 
B kKayectse cTaHapTHoro CcocTOAHHA JByMepHoro ra3a KamOana u Pus (%) 
BbIOpasIM Takoe, pH KOTOpOM OObeM Ha OJHY NMOLBHKHO alcopOupoBaHHyto 
MoslekyJly paBeH OObeMy Ha MOJIeKyJIY B TPeXMePpHOM [a3e Mp JaBJeHHH] 
B 1 atm. TosmuHy ajcopOupoBaHHoro cuiod KomMOan uw Pua npupaBHaaH 
6 A, Toraa B crangaptHom cocrosuuu A = 22,53T A?. 

BprncieHHple mo dopmysiam (1) — (4) cTaHwapTHpie H3MeHeHHA SHTpOMMHT 
Tipu nmepexoze 6-107? aToMoB H3 H3JIOMOB CTYMeHel pocTa B COCTOAHHE MOBHK-| 
HOH aBToalcopOuHH mpuBeseub! B TaGu. 2. Jlerko BHeTb, YTO STH BeJIMYHHI | 
OM3KM K KOHCTaHTe Mpapusia TpyToua, HO AA MeTaJ0B C BbICOKOTeMMeparyp- | 
HoH pewieTkKoH A2 cpeqHve 3Ha4ueHHA min ASo an = 20 +3 nu max AS, =] 
= 244+ 3 HecKOIbKO HwKe, ¥eM JIA MeTa0B c pemerKamH Al u AS} 
(min AS$i, = 23 + 1; max ASta = 28 20). 

Jlerko NoKa3aTb, 4TO aBJIeHHe B CJIOe€ MOABMXKHOM aBTOaCOpONHH He 3a- } 
BHCHT OT KOHILeEHTPallHH M3JIOMOB cTymeHel pocta. Ilostomy ykKa3aHHoe JaBse- 
HH€ MO?KHO OLe€HHTb H3 YCJIOBHM PaBHOBeCHA MEXxKY NOABHXKHO ajcopOupoBaH- 
HbIMH aTOMaMH HM aTOMaMH B H3JiIOMaX CTyMeHel pocrTa: 


In p = AS$/R—AH?- /RT. (5) | 


Sylecb p BbIpaxkeHO B aTMOC*epax BCJeACTBHe BHIOOpa yKa3aHHOrO Bblle CTaH- } 
jlapTHoro cocTosHusd pu pacuere AS? no cdopmyaam (1) — (4), AHS — usme- } 
HeHHe SHTAJIBMUM MpH Mepexojle BCTaHJapTHbIxX ycioBuAX 6-10?3 aromos u3 u3- | 
JIOMOB CTYMeHel pocTa B COCTOAHHe MOABHKHOH aBToacopOmHH. 

V3 ta6n. 1 cneqyert, YTO WIA pasHbix rpavelt C HH3KHMM HHeKcamu, cTpyK- f 
Typa KOTOPHIX MOET ObITh TORMeECTBEHHA CTPyKType HeAOYKOMMMeKTOBAHHBIX 
CJIO€B Ha JHOObIX MOBeEPXHOCTAX JaHHOrO KPHcTada, Mepexo], ATOMOB H3 H3J10- 
MOB CTyMeHeH pocTa B COCTOSHHe NOABHXKHOM aBToaCcopOuHH CompoBomaerca 
PaspbIBOM HeoJMHakoBoro yuca cBAselt Me — Me. Oto o3HauaeT, 4TO paBHO- | 
BeCHOe JaBJICHHe NOABHXHO aCOpOHPOBaHHEIX ATOMOB pa3JH4HO Ha KpHCcTasu- 
YeCKHX CJIOAX, OTIMYAIOULAXCA TO CTpykType. C yMeHbINeHHeM MWIOTHOCTH yma- | 
KOBKH MOBepXHOCTHOTO CJIOA KPHCTaa yKa3aHHoe aBJeHve yBesM4MBAeTCA. 
Jina pemetku Al u A2 cao, MeHee NJIOTHBIe NO CpaBHeHHIO C ApyrHmu cIosMH, 
Kpax KOTOPBIX ABJIAIOTCA CTYM€HAMM pocTa, HMeIOT TaKoe %Ke CTpoeHHe, Kak 
rpauu (100), a aa pemetku A3 — kak rpany (0001). Tlostomy usmeHenua 9H- 
TaJIbNHM pH mepexoye 6-10 aToMoB H3 H3JIOMOB MeHee IIOTHO yiaKOBaHHbIx 
cTyneHeH pocTa B COCTOAHHe NOJBYXKHOU aBTOACOpOMHU JOJOKHI ObITb 3aKuIIO- 
WeHbI B CJIEAYIONMX TMpeeax: 


nia pewetku A2: gpQ2(ap+Qq’) < 29; (6) 
aaa pemetku Al: 2p< 2p(1+a)+ 29’ < 30; (7) | 
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aia pemetku A3: 39< 3p-+agp< 4q. (8) 


Tloyctapus B HepazeHctBa (6)— (8) mpuBefenubie B TaOn. 2 3HaueHuA @ 
pH TeMMepaType MaBeHus HW B3AB U3 TOH %e TAOJIHIbI BeJMUMHBI 
ST an? MOXKHO 10 Popmysie (5) OLeCHHTb IA KaxKOrO MeTasa HanOomblee 
aBJIeHHe B CJlOe NOABHXHOM aBTOaCOpOUuMH pH TemmepaType MslaBsenus. 
\Kazaslocb, YTO STO JaBJeHHe OH3KO NO Nopsyky K 1 aTM. He3aBHCHMO 


T TIPHPOAbI MeTaJiJlIa H THMaA CFO PelleTKH. CnelopatebHo, MOXKHO Tpeio- 
(OWKHTb CYULECTBOBAHHeE TaKOTO PaBeHCTBa: 


Tua AST, = ANT ay: (9) 


fe Tnx—TeMMepatypa laBleHHa pv BHelHeM jlaBeHuH 1 amT., 
| AS; u AH, pu BbiGope cranyapTHoro coctosHus corsacHo (8) onpe- 
eAoTCA H3 cooTHOWeHHH (1) —(4) u (6) —(8), cooTBeTcTBeHHO. 

Ilo dbopmyse (9) Gbinu BEluncnenb BennuMHE! AH aia 28 Merasmos (cM. 


aon. 2). Heo6Oxoqumpie TepMOsMHAaMHYeCKHe JaHHble B3ATbI 3 CipaBOuHHKa 
*), BbICOKOTeMMepaTypHbie CTpyKTypbl MeTaJIOB—4u3 MOoHOrpapun (2°), 


faOn. 2 moKa3biBpaeT, ITO 3HAYeHHA AH? JICHCTBHTeJIbHO 3aKJIOUeHbI B 


Ipefleax, olpeyesiemblx HepaBeHcTBamn (6) — (8). 

CnelyeT OTMeTHTb, 4TO CBEJeCHHA O KPHCTAaJMHYeCKOM CTpyKType MeTaJI0B 
IpH TemiepatTypax, OIM3KHX K Ty, B He€KOTOPBIX CJly4adX MpOTHBOpedHBEI. 
ialipuMep, XpOM HelocpeCTBeHHO MocJle 3aTBepeBaHHA MMeeT MO OHUM [aH- 
iim (14) crpyktypy Al, a no zpyrun (?*) — crpyxtypy A2. B xuureT. B. Bo- 
cu (1%) B KauecTBe BbICOKOTeMMepaTYPHbIX CTPYKTYP TaJJIMA, THTAaHAa MU TOpHA 
™Ka3aubl CTpyktTypb! Al, a rapuua — A3. Haiigennpie no STHM aHHBIM cpeyHHe 
(Mcla CBA3eCH, PBYIIHXCA MpH Mepexoye aTOMOB H3 H3JIOMOB CTyMeHel pocta B 
OCTOAHHE NOABHXKHOM aBToacopOuHH, JIA BCeX YKa3aHHbIX 9JICMeHTOB, KpoMe 
‘TaHa, He CorlacoBaJIuCcb C HepaBeHcTBaMH (7) u (8). Korga xe pacuer Oni 
JlenaH ia crpyktyppt A2, koropyto coriacHo MoHorpadun (2°) HMeroT BCe YeTHIpe 
"KA3aHHbIX 9JIEMeHTa IIpH BbICOKUX TeMMepaTypax, TO pe3YyJIbTaTbI COBMaH 
_ WpeCKa3biBaeMbIMH HepaBeHCTBOM (6), a JIA THTAHA YOBJIETBOPAIOTCA He- 
aBeHcTBa (6) HW (7), eCJIM CUHTATb efO OTHOCHAILMMCA K THNaM cTpyKTyp A2 
Al, cootBercTBeHHo. Hao6opot, Aidt KaJIbuHA y4we CormacyeTca c omkKupae- 
IbIM 3HaY¥eHHe, BLIYMCJIeEHHOe AA CTpyKTyppbI A3 (2%), vem Avia crpyKTyppi A2 (2%). 
lua OepwuiMA yKa3aHHOe corjacoBaHHe HMeeT MeCTO Kak JIA, CTPyYKTYpbI 
3 (°, 1%), rak uw Ata cTpyKTypbi A2 (1%); aTo xe ClpaBelIMBO B Clyuae Gaps. 

M3n0x%KeHHoe NOKA3bIBaeT, YTO AaBJIeHHe B C10 MOLBH2KHOM aBToacopOuHH 
a HaHMeHee MVJIOTHO yMaKOBaHHBIX MOBEPXHOCTHBIX CJIOAX, KPa KOTOPbIX 06- 
a3ylOT CTYMe€HH pocTa KpHcTaia, MpH TeMMepaType NaBseHHA JocTuraer 
eIMUMHbI Mopatka | atm. BcsegxcTBHe 9TOTO OKAa3bIBaeTCA BO3MOXKHBIM B He- 
OTOPHIX CyYaAX MpecKa3saTb CTpyKTYPY KPHCTaMOB BOH3H TOUKM MW1aBuJe- 
HA, CCIM M3BeECTHbI TeMMepatypa MiaBJIeHHA, TelloTa CyHIMMallHu HW 3aBHCH- 
OCTb TEMOCMKOCTH OT TeMMepaTYpbI BIVIOTh AO TOUKH NVaBJIeHHA. 


MockopcKHi rocyjapcTBeHHbI YHHBepCcHuTer Tlocrynuso 
HM. M. B. Jlomonocopa 11 XI 1960 
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XHMHYECKA TEXHOJIOFH At 


A. A. AMHH, H. Wl. KOCTHH wu JI. H. CTECHK 


HETOHAWHSA BAJIJIMCTHTHbIX MOPOXOB 
(IT pedcmaeaeno axademuxom B. H. Koxdpamvesoim 29 X 1960) 


Uspectuo (1-%), uTo CKOpocTbh JeTOHaALHH MOPOMKooOOpasHEIxX H JIMTbIX B. B.Il 
3aBHCHT OT AMaMeTpa 3apsaya. Ilo Mepe ero yBeJIHMYeHHA CKOPOCTh AeTOHALHHIh 
BO3pacTaeT OT HeKOTOPOrO MHHHMAJIbHOrO (KpHTHYeCKOrO) 3HaveHHA oO Taki! 
HasbIBaeMOM HeaIbHOH cKopocTu. B pa6ore (*) 6blsIo MOKa3aHO, 4TO C yBeHUe 
HHeM IMIOTHOCTH 3apsjla pasHHila MexKYy KpHTH4eCKON H UeabHOM CKOPOCTHiO} 
yMenbinaetca. Ja 3apagqos TpoTua c muoTHocTh1o 1,0 r/cm* ona cocTaBjAeit 
30%, ac maoTHocTbio 1,62 r/cm* — Toubko 5%, MoxkHo ObII0 OXKHaTb, YTEh 
IPH AaJbHeHWeM YBeJIMYeHHH CIVJIOWIHOCTH 3apsaya WH MpHOM2KeHMH K MIOTHOCTHI 
MOHOKPHCTaJJ1a 9Ta PasHHila Oyler ele MeHbie. Blo H3BeCTHO, YTO KUAKUG! 
B. B., TOKE OTHOCALLHeECH K CIVJIOWIHbIM CHCTeMaM, HMEIOT, XOTA H OYeHb Cs1aby10 
3aBHCHMOCTb CKOPOCTH JeTOHAUHH OT AHameTpa 3apaya (°). | 


Tatuuna 1 


O6pasen Ni 1 
d, MM 1,00 a ae | Gi eR) eLAna) 
D, m/cek Satyxma 7470 7420 7400 7370 7410 
OG6pasen No 2 I 


d, MM 8,60.) 23785) (8,90 SF Ome 20k 10,00 820, 0 
D, m/cek 3atyxna 7480 7440 7450 7410 7480 7470 


. B named pa6otTe HcceqoBalacb 3aBHCHMOCTb CKOPOCTH JleTOHALlHM OT Ha 
MeTpa 3apsja CIVIOWHOrO TBepsoro B. B.,B KayecTBe KOTOpcro Obl MCHOb 
30BaHbI 1Ba OOpasita OaMCTUTHOrO Nopoxa MapKu HB, Oror nopox cofepxuy 
B cBoem coctape 40% HuTpormuuepHHa. IInoTHocTb 3apaqOB COCTaBJAN 
1,62 r/cm®. OOpasnbt Mopoxa HMeJH pasJIM4HBIe KpHTM4eCKHe JMaMeTphl, ITY 
OOyCJIOBJICHO, I10-BHJHMOMY, HEKOTOPbIM OTKJIOHCHHEM OT HOMHHAaJibHOrO COCTaBa} 

CkopocTb J[eTOHaIHH H3Mepslacb ONTHYeCCKHM MeTOOM C MOMOLIbIO IPH 
6opa CPP, Cpequaa omiu6Ka oTAeNbHOrO H3MepeHHA CKOpOCTH cocTaBssasa 1%} 
B kayecTBe JONOJHHTeIbHOrO AeTOHATOPa HCMOMb30BasICA 3apA MMTOFO CO 
etapa TT 50/50, umesuiero ToT Ke AMaMmeTp, 4TO H HCCeLyeMblii 3apaAd. Pesyab 
TATbI OMBITOB NpescTaBsenb! B Taba. 1, OnbiTsl, WpoBeqeHHble c o6pasitom Ne 
MOKa3aJIM, YTO CKOPOCTb AeTOHAWHH NpakTHyeCKH He 3aBHCHT OT AMameTpa 3a) 
paga. Moko OblIo MpelMONOKUTb, YTO CKOPOCTb AeTOHANHH H3MeHAeTCA 
O4“CHb Y3KOM HHTepBaie JMamMeTpoB (oKoIO | mM), ONH3KHX K KPHTHYCCKOMY) 
Ja MpoBepkH STOrO MpesnosoKeHHA MpoBeeHa CepHA ONMITOB Ha Apyrom ofl 
pasie nopoxa HB (o6pasen Ne 2). B stom cmyyae Toe He HaOOLaOCcb 3a) 
BUCHMOCTH CKOPOCTH OT AHaMeTpa 3apsaya. CeqoBaTesbHO, KpHTHYeCKaA CKC) 
PpOCTb JeCTOHALHH MOXKET OTMHYATLCA OT HeabHOM Ha BeMMUYMHY,HE MpeBbillaK) 
ULy!O OUIMOKY oMbita, T. e. He Goviee, vem Ha 1%. 

PaccmoTpeHue (OTOCHHMKOB JeTOHAIHH 3apsAOB C AHaMeTpOM MeHbIIe KpH 
THYeCKOrO NMOKa3ai0, YTO JeTOHAHA, BbIsBAaHHadA B oOpoxe eTOHATOPOM 
MIpoOlAA HeKoTOpoe paccToAHHe, OOPLIBAeTCA pe3KO, NpakTHYecKH Ge3 H3MeHE, 
HHA CKOpocTH. 

SaBMCHMOCTb CKOPOCTH AeTOHALHU OT AMaMeTpa 3apAaa B NOpoWKooOpasHel 
B.B. OOYCJIOBJIHBaeTCA HeHOJHOTOH XHMM4eCKOrO MpeBpalleHHA HM palaib 
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PpacHIHpeHHeM TIpOAYKTOB JeTOHAaIHH B 30HeE PeaKIHH AeTOHAIMOHHOM BOVE. 
Toubko Mp AMameTpe 3apaya, B HECKOJbKO pas MpeBbIalolleM KpHTHYeCKHH, 
MOTepH SHEPrHH Ha paluabHOe PaClIHpeHve CTAHOBATCA OTHOCHTeIbHO Ma- 
ALIMH, H CKOPOCTb eTOHaNMM MpuOMKaeTCA K HeasbHOMy 3HayeHHIO, 

Hat OMmbiTbl MoKasbiBaloT, YTO H3M€HCHHA CKOPOCTH JeTOHAHH B Nopoxe 
HB ue npoucxogut. CnejqopatenbHo, aBseHve B JeTOHAaLHOHHOM BOsHe, 0 
KpaliHel Mepe Ha OCH 3apafla, OcTaeTCA HeH3MeHHbIM. OAHaKO MpH HeKOTOPOM 
MMaMeTpe 3apaya PpouHT AeTOHAIMOHHOM BOJHbI CTaAHOBHTCH HeyCTOHUMBLIM H 
MeTOHalMA Mpekpaulaetca. I[pwunuHbl Takoro pesKoro 3aTyxXaHHA jleTOHAaHH 
B HaCTOAMlee BpeMA elle He ACHBI. 

IIpu Weronaunv *KHIKAX M MOpoutKooOpasHEIX B. B. BOH3H KpuTHMYecKOrO 
@MametTpa HaOOLaeTcA Malad CKOpocTb AeToHaHH. IIpH usyyeHuN JeTOHAaLuN 
3apAOB CNOWHOrO Mopoxa HHYero NOLOOHOroO He Onlio O6Hapy2xKeHo. B wxUAKHX 
B. B. MCTOHAMA C MAIO CKOPOCTbIO BO3OyxKLaeTCA pH CaOOM HHUILMMpoBaHHN. 
B uacrHocTu, Takoe HHMUMUpoBaHHe OGecneunBaeTCA, Kora JeTOHAaTOp He Co- 
IipWkacaetca ¢ NOBepXHOCTbIO HHMILMMpyemMoro 3apsfa, a HaxOMuTCA Ha He- 
KOTOPOM paccToAHHH. Takue OMbitbl Obl MposeaHbl B Halle padore, B pesysb- 
TAaTe KOTOPbIX ObIJIO yCTaHOBJeHO, YTO DeTOHALHA MH6O BOS6yxKAAeTCA C OOJIb= 
Mo CKopocTbio (Ha HeKOTOpOl ryOuHe B 3apaye Mopoxa), H60 3apay, Mopoxa 
He JeToHupyertca. B sTHx onbitTax Oblvio o6HapyxeHo, 4To Nopox HB umeer oven 
HH3KYy1l0 UYBCTBUTeJIbHOCTH K Nepefaye JeTOHALHH Yepes BOS YUH UHTepBad. 
Sapa, Mopoxa c Avametpom 20 mM He JeToHUpyeT oT 3apsga muToro TT 50/50 
Toro *e flMametpa pH 3a30pe Mexyy Humu 4 MM. B aHanorHuHbIX yCOBHAX 
autoH TT 50/50 ue feronupyer ToubKO pH paccTosHHH Govee 25 mM. 


VWuctutyT xumuyueckoli du3HKH Tlocrynuio 
AxkayemMHu Hayk CCCP 26 X 1960 


UMTHPOBAHHAS JIATEPATYPA 


1B. K. Bo6o2eB, Coopx. Ou3znka B3ppipa, Ne 2, Wag. AH CCCP, 1953. 2H. Ey- 
ring et al:, Chem. Rev., 45, 69 (1949). *M. A. Cook, R. Keyes et al., J. Am. 
Bilem- oocey9, 0241957). * JI. H. Crecnuk, JI. H. Akumorna, JK@®X, 33; 1762 
(1959). 5A. © Benses, B. Mc Kapaces, JI. H. As6ykuHAa, COopH, Ousn- 
ka B3pbipa, Ne 5, H3q. AH CCCP, 1956. 


653 


Jloxnagn Akaxqemun nayx CCCP 
1961. Tom 137, Ne 3 


XHMHYECKAA TEXHOJIOTHA 


B. C. CBETJIOB u A. E. ®OFEJIBSAHL 
O TOPEHHH CTH®HATA CBHHIA 
(ITpedcmaeaero axademukom B. H. Kondpamoveesim 31 X 1960) 


TopeHve MHHIMUpYIOULHX B3PbIBYATHIX BelLeCTB, HECMOTPA Ha 3HA4HTE/IbHbIA 
ero HHTepec, H3y4eHO MeHee MOJIHO, 4eM TOpeHHe MOpOXoB HM BTOPHIHbIX B.B. He- 
MHOrHe JaHHble, nmosyueHHple pauee (+,”), MOKa3bIBaIOT, UTO TAKHe HHMIMMApylouHe 
BelleCTBa, KaK TpeMy¥4aA PTYTb, TPHHATPOTPHasHLoOeH30/I HM HeKOTOpble Apy- 
rHe CMOCOOHBI B CHJIbHO.3allpecCOBaHHOM BUe YCTOHYHBO FopeTb CO CKOPOCT AMH, 
3HAYHTeJIbHO MpeBOCXOAAULMMH CKOpOcTH ropeHus Apyrux B. B. IlompiTKa u3y- 
YHTb ropeHHe CTHPHATA CBHHILa B 3THX 2Ke YCJIOBHAX He HMesa ycmexa, HeCMOTpA 

Ha JOBOJIbHO BbICOKY!O IWIOTHOCTb 3ampec- 

1 5  COBKH: 3apsxbl NpH NMokKuraHHH BSpbI- 

gab! > BaJIHCb, HM JIMUIb CMeCH CTHPHaTa CBHHILa 

JO C OOJIbIHM KOJIM¥YeCTBOM HHepTHOro Belle- 

CTBa (TaJIbK) HIM BTOPHYHOrO B. B. (MHpo- 

KCHJIHH) TOpeJH ycTOHYHBO Cc OOJIbIIHMH 
CKOpOcTAMH. 

SanpeccopaB cTHpHaT CBHHIa B Mpou- 
Hy!0 OOO/IOUKY MOA BLICOKHM JlaBJIeHHeM 
(5000 xr/cm?), MbI Nowy4HIH ycToHuHBoe H 
PpaBHOMepHoe No BCeli LIMHe 3apsaqa rope- 
HHe H M3Y4HJIM 3aBHCHMOCTb CKOpocTH Fo- 


0 100 200 300 Ke/cmé PCHHA OT JaBJICHHA B WIHPOKOM JHalla30He 
(as ORE nocw1eqHero. 
Puc. 1. SaBHCHMOCTb CKOpocTH ropeHHA CrupuaT cBHHa, npHroToBseHHntii 
cTHipHaTa CBHHua (/) H NHKpaTa cBuHua 6 = » 
(2) or napnenus OObIMHDIM CMOCOOOM H3 CTHPHHHOBOH KHC- 


JoTpt (T. mu. 177°), mpeccoBamH B MvIeKcH- 

rylacoBble TpyOOuKH C TOJIMHHOH CTeHKH 
2 MM HM BHYTpeHHHM j\HamMeTpomM 4 mM. BpicoTa 3apayqa He MpeBbliiama 
2 Auametpos. Topenue tbuKCHpoBasIH C NOMOMIbIO PoToperncTpa CoO CKOpOCcTHIO 
IBYOKeHHA TWwIeHKH 125 cm/cek, jalomlero yBelwueHHe U300paxKeHHA B 
1,5—2 pasa. Ha puc. 1 mpegcraBneHa noulyyeHHad 3aBHCHMOCTb CKOpOcTH Tro- 
peHHA CTHPHAaTa CBHHIa OT jaBJIeHHA. 

M3 puc. 1 BuO, 4TO cCTHPHAaT CBHHIa CnocobeH ropeTb Jake Mp oOyeHb 
HH3KUX JaBJIeHHAX. CKOpocTb ero ropeHHA UpesBbIYaHHO BeHKa yxKe mpH 15 MM 
pT. CT. H cocTaBsiaeT 25 — 26 cm/ceK, TIpH4eM B GomGe Tocse onbiTa He OOHa- 
PYXMBaIOTCA HecropeBlIHe YaCTHUbI BelleCTBa, KaK STO HaOwOMaOCch Tip Fo- 
peHuH rpemyyeli pryTH B Bakyyne (’). IloppmeHHe JaBeHHA Jo aTMocdepHoro 
cao (MpHOH3HTeIbHO Ha | cmM/cek) yBeW4HBaeT CKOPOCTb TopeHua. YMepeH- 
HbIM POCT CKOPOCTH MpofouKaeTcA Lo AaBsenua 50 kr/cm?, nocse vero Jo 1aB- 
JieHua 400 kr/cm? CKopocTb ropeHHA pakTH4eCKH He YBeJIMUMBaeTCA, OCTABAAHCh 
paBHon 33—35 cm/cex. 

Dopenue cTudHata CBHHILa MpOTeKaeT CTOJIb 3HEPFH4HO, YTO CONPOBORMaeTcA 
OY€Hb Pe3KHM 3BYKOM, HaIIOMHHAIONIMM 3BYK B3PpbIBa, XOTA TpyOouKa Tocwe 
ONbITa, KaK IIpaBHJO, OCTaeTCA Wesou, a POTOPerHCTpaluA OTYETMMBO YKa3bIBar 
eT Ha PaBHOMePHOCTb ropeHHA To BCeMY 3apsALy, KaK 9TO BbITeKaeT H3 PaccMoOT- 
peHua puc. 2 a. B cayuae nioxol 3ampeccoBKH (CpaBHUTebHO Malad WIM He- 
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ABHOMEPHax MO BbICOTe 3a4pAJa MWIOTHOCTb, OTCTABaHHe OT CTeHKH) IpOHCxo=- 
(HIM B3PbIBLI MOCIe CpaBHHTeJIbHO HeOOJIbINOrO y4acTKa paBHOMepHoro rope- 
[MA (pc. 26), conpoBoxaiouiHeca LpoOeHHem TpyOO4¥KH Ha MesIKHe KYCKH. 

JA cpaBHeHHd MOXKHO CONOCTaBHTb ropeHve CTHHATA CBHHIa C ropeHHeM 
[MKpaTa CBHHILa, H3yYeHHOrO B TeX %Ke yculoBHAXx (puc. 1) *. 

IIpu Maspix WaBleHHAX (H¥DKe 20 Kr/cm”) MMKpaT CBHHILa B OTIHM4He OT CTHD- 
lata He cmocoOeH ropeTb. B Tol oOmacTH, re MOXKHO HaGOLaTb TopeHHe MHK- 
yaTa CBHHI[a B JaHHbIX YCJIOBMAX, CKOPOCTb ero TlOYTH B 30 pas MeHbIe, 4eM 


.cTHpHata cBuHia. [I]pu qaBsenHu xe Bolte 200 kr/cm? pa3HHa He MpeBbIlaerT 
0—15%. 


‘uc. 2. MoropeructpauHa ropeHua cTHpHaTa CBHHIWa: paBHoMepHOro no Bcemy |3apsqy mpH 
400 xr/cm? (a) 4 OKOHUHBIerocsa B3pBIBOM mpH | Kr/cM® (6). 2,5 X 


T aKHM 06pa3om, OMBbITHI NOKa3aJIH, YTO CTHPHAT CBHHILa ClOCcoOeH yCTOHYHBO 
OpeTb B YCJIOBHAX OOOH NOTHOCTH 3apsa HM MpOuHOH OOO/IOUKH C OYeHb 
BICOKOH, He HaGoaBiulelicaA pavee JIA MOMOOHbIX BeLLLECTB CKOPOCTbIO, KoTOpan 
iocTaBsaeT oKos0 100 r/cm?-ceK. OTa BeHUHHA, B YACTHOCTH, pH atTmocdep- 
(OM JaBJICHHH [peBbIllaeT CKOPOCTbh TOPeHHA BCeX APyPrHX H3yYeHHbIX HHHIHH- 
lYIOWLHX H ObICTPOropsAILHX B. B. NpHOWS8HTeIbHO B 15—20 pas. Bo3MoxKHOCTb 
‘CTOHUHBOFO TOPeHHA CO CTOJIb BbICOKOM CKOPOCTbIO YKa3bIBaeT Ha TO, YTO WIA 
GecneyeHud Obicrporo nepexoa ropeHHA B eTOHALHIO OHO OOJbUIO CKOpo- 
TH ropenusa (*) ewe HesocTaTouHo. 


MocKoscKui XHMHKO-TeXHOJIOrHYeCKHH HHCTHTYT [llocrynn0 
uM. JI. H. Menjeseesa 21 X 1960 


UHMTHPOBAHHAA JIMTEPATYPA 


1A. @. Beasxes, A. E. Benanesa, JAH, 33, 41 (1941); 52, 507 (1946); KX, 
D, 1381 (1946); A. ® Beasaes, A. HW. Koporkos, C6opx. Ousuka pspppa, Ne 1, 
Ian. AH CCCP, 1952, crp. 177. 2 K. K. An A pees, Tepmnueckoe pasiomeHve H ropeHHe 
spbipuaTHIx BemjecTB, M., 1057, crp. 138. 3A. @®. Beasxes, ®usvka Bappipa, Ne 1, 
35 (1952). 


* B cBa3H C 3THM OOpalllaeT Ha CeOA BHHMAHHe TO OOCTOATEIBCTBO, 4TO CpeAH H3yYeHHBIX 
oNeii B3PbIBYATLIX KHCOT HaHOOJIbUIelt CKOPOCTbHIO TOpeHHA OGOJafaloT CO/IH CBHHIA. 
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TFEOJIOTHA 


B. ®. EPOXOB 


HOBbIE JAHHbIE O COCTABE NPOXYKTOB CPEXHEMHMOLWEHOBOrO 
BYJIKAHH3MA B MAKAPOBCKOM PAHOHE (0. CAXAJIMH) 


(IIpedcmaerento axademukom B. C. Co6boaeeoim 17 X 1960) 


IIpoyktsl cpeqHeMMOWeHOBOrO BYJIKaHH3Ma, OObeAMHAeMbIe B YeXOBCKYIO 
BYyJIKaHoreHHyt0 *anio, B mpeemax }OxHoro CaxasIvHa HMeIOT JIOKaJIbHOe pac- 
MpoctTpaHeHue, HO TeM He MeHee B MECTAX MAKCHMAJIbHOrO pasBHTHA MOULHOCTb 
WX 3Ha4HTeIbHAa HU JlocTHraeT MepBoro JecaTKa coTeH MeTpos (},’). [aBuHoit re- 
HeTHYeCKOH OCOOeHHOCTHIO BYJIKAHOFeHHBIX OOPa30BaHHH ABJIAeTCA MepeoTso- 
MKeCHHBIM XAPaKkTep Cylaraioulero HX MaTepHasia. 

CocTouT By/JKaHOreHHad TOA H3 TaMMbI KPyMHO- H MeJIKOOOJIOMOUHbIX 
NOpol, WIA KOTOPbIX XapakTepHa CPaBHHTeJIbHO ObiCTpad 3aKOHOMepHasA To- 
PHSOHTAIbHad H BePTHKabHad PalluanbHad H38MeHUMBOCcTD (°,’), O6ycIOBIeH- 
Ha B OCHOBHOM OTHOCHTCJIbHbIM PaCHOJIOXKCHHEM H CTeMeHbIO AKTHBHOCTH Cyle- 
(CTBOBABUIMX B CpeHeEMHOMeHOBy!O 3HOXy BYJIKaHM4YeCKHX WeHTpoB (°). [lupo- 
KaCTH4YeCKHe NOPOALI HMeIOT KpaliHe NOMIHHeEHHOe 3HayeHHe U 3avieraioT B OO- 
MeM paspese BYyJIKaHOreHHOH TOJIMIH B BHe OTHOCHTeJIbHO MAJIOMOWHBIX Mpo- 
‘CJIO€B TICAMMHTOBBbIX, pexke mcePuToBbIx Tydos (°). MarmaTuyeckue oOpas0BaHHA 
cpequ TOpon BYJIKAHOreHHOH TOJIULM JOBOJIbHO MHOPOUHCJICHHBI MH MIpeCTaBJIeHbl 
pepnen qaekK HW CyOByIKaHHYeCKHX MVJIACTOBbIX HHTPpy3HH OCHOBHOTO cocTaBa 


e,*, 

Tlo N€TPOXHMHYECKHM MpPH3HaKaM IIPOAYKTbI YeXOBCKOH ashi BYIKAHH3Ma 
OTHOCHIHCh TpelyyuuMu uccuIeloBaTeiamu (1~°, *) TombKO" K MpOH3BOXHbIM 
OasasIbTOBOH MarMbI, KHCsble WudpepeHuMaThI CpesH HHX He OTMeUaIHCb. OWHa- 
KO e€CJIH TaKoe TIOJIOMKeHHE B KaKOli-TO Mepe OObeKTHBHO Ha CeroHA B OTHO- 
IWIeHHM BYJIKaHOreHHBIX Mopos YexOBCKON Paluu 3anayvoro nobepexba IOxHOoro 
CaxanuHa, TO [1A TeHeTHYeCKH HJCHTHIHBIX OOpa30BaHHii BocTOUHOrO Mo6e- 
Pe2KbA C STHM NOJOXKEHHEM COPMACHTbCA HeJIb3A Ha OCHOBAHHHM HOBbIX aHHBIX. 

B 1959 r. np u3syyeHum KaiHO30HCKUX BYJIKaHOreHHbIX POPpMAallHi BOCTOY- 
HOM YaACTH IOKHOK MOJIOBHHI OCTPOBa B BEPXHUX FOPH3OHTAX YEXOBCKOM ByIKa- 
HOreHHOH dalluu Ham OblH OOHapyxKeub! KuCubIe sddpy3uBE HU Tydpl. OOna- 
MalOTCA KHCJIbIe Tydbl Ha CeBepo-3anaqHOH OKpanHe rT. Makaposa, no smeBobe- 
Pe@XKbIO OMHOMMEHHOM peKH B Y3KOM py4be (OOHaxKeHHe Ne 44, palioh Kapbepa). 
OHH JIerKO BbIeIAIOTCA MO CBOE XAPAKTePHOH CBeTJIOH OKpacke WH MpociexkH= 
BalOTCA MO MpOCcTHpaHuio B OOONX OopTax py4bA Ha NpoTaKeHHH 60—65 M, CKpbI- 
BasCh Jlaee Mos, pacTHTe/IbHbIM CoeM. MoulHocTb Npociod TYPoOB OKOVIO 5 M. 
SajlepHOBaHHbIe KOHT@KTHI MpOcsod TyoB C BMeLLaIOULMMH NOpokaMH He M03B0- 
AWM TOUHO YCTAaHOBUTb HX B3AHMOOTHOWICHHA, HO Cyt MO CeBepO-BOCTOUHOMY 
IipocTupaHHio Mpociod MoowKeHNe eFo BMOHe CoriacyeTcA C OOUIHM Hpocru- 
PaHHeM BYJIKaHOreHHbIX Mopos B HaGwOLaeMOM YaCTH pa3spesa. 

Ilo BHemIHemy o61uKYy Tydbi Gere, ClerKa 3e/IeHOBATHIe, MVIOTHbIC, M@JIKO- 
3epHucthle. YembHbI Bec UX 1,8. I]pH MAaKpoCkOMM4eCKOM HCCyIeqOBaHHH YeT- 
KO ycTaHaBIMBaeTcCA UX MMpOKsacTHYeCKad Npupoka, Ha YTO ykasplBaeT 
OCTPOyro.1bHO-0 6OMOUHDI XapakTep Cularaloulero MaTepHasia Hero MHHepa/bAbiii 
cocTaB. ITO KpUCTam0-BUTPOKAacTMYeCKHe NeMlMOBbIe OOPasoBaHUA, COCTOALLHE 
Ha 90% u3 GeclBeTHOro ByIKaHu4ecKoFo cTeKa. Kpome creKa NN iO Hedy 
o610MKu cBexKero 30HaIbHOrO marvoKmasa (DyNg 17°, DoNm 73°, DoNp 88°, 
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anjesHH Ne 40, (BOMHHK M0 aJlbOHTOBOMY 3aKOHY), H3OMeTPHUHbIe 3epHa KBap+ 
Ila, ABTHreHHbI€ H pecypreHTHble OOJIOMKH SPPpy3HBHbIX NOpok Cc tesb3HTOBO 
HM THaJIONHJIMTOBOH CTpyKTYpOH OCHOBHOH Maccbl. CBa3yroulei Maccol B Tydax} 
CJYXKHT 3e€JICHOBATHI XJIOPHT. 

BykaHuyeckoe CTeKJIO B TyPpax HMeeT HH3KOe (n = 1,496) cBeTompestomuie- 
HHe H THMMUYHbIC POryIb4aThle, JBOAKOBOFHYTHIe, CepNOBHAHbIe H HHTeOOpasHple 
dopmst o6omKoB (puc. 1). 4 

PaccmaTpuBaeMble TyPbI MOMCTHMAIOTCA TepeOTJIOXKeHHBIMH Tice*HTO-lcaM-Fi 
MHTOBbIMH BYJIKAHHYCCKHMH TeCYaHHKaMH, KOTOPble COCTOAT H3 OKaTAHHbIX} 
M TMOJLYOKaTaHHbIX OOJIOMKOB OCHOBHBIX 3*PPpy3HBHbIX NOpos Cc HHTepcepTaib-| 
HOH CTPyKTYpOH OCHOBHOH MacCcbl H OCKOJIKOB KPHCTaJJIOB MarHoKJlasapi 
(D,Ng 72°, DoNm 32°, D\Np 67°, naOpagop Ne 67, 3aKon abOuT-KapscOal-F 
CKHH), CBASA@HHbIX XJIOPHTOBbIM ILeEMeHTOM. 


Puc. 1. WopmMbl ByIKaHHuecKOorO CTeKJIa B MerlJOBOM 
type. Pl — maarnoxia3, Q— KsBapu. Hux. ||, 70 X 


Baie KHCJIbIX TyPOB 3asleraeT HHTPY3HBHOe MwWacCTOBOe TeNO aHesHTO- 
6a3abToB (SiO, 57,06%, nmarnoxias Ne 76, D,Nz 44°, D)Nm 62°, DyNz 60°, 
3aKOH — aJIbOHTOBBIH), KOTOPbIM 3aKaHYHBaeTCA paspe3 Ha 3TOM yuAaCcTKe. 

Bunu3kue mo cocTaBy C KHCJbIMH TydamMu apPpy3HBEr HaOmOLaIMcb HaMH 
B | KM K 10ro-3alay Mo MpocTupaHuio Nopos BY JIKaHOreHHOH TOMULM OT OOHAaKe- 
Hua Ne 44 Ha mpapom Oepery p. Maxaposa. Kucunie adpy3HBbl BXOAAT B COCTaB 
KOHIJIOMepaToOpeKYHH B BHLe OKATAHHbIX H MOJIYOKAaTAHHBIX BKJIO“CHHH JO 
0,1 M B nonepeyHuke. OHH ABHO MpeoOnaaioT cpekH Apyrux BKuO¥eHH (6a- 
3aJIbTOB, AHJe3HTO-O0a3a/IbTOB) B KOHTIOMepaTOOpeKYHH HM 3aMeTHO BbIeA- 
IOTCA CBOeH CBeTJIOH OKpacKOH. CoBMecTHOe HaXxoxKeHHe OKATAHHbIX OGJIOM- 
KOB KHCJIbIX HM OCHOBHBIX 9Py3HBHBIX NOpos B CocTaBe KOHTIOMepaToOpeKuHi 
OObACHAeTCA, MO-BHAMMOMY, Ppa3pyUIeHHeM HM MOCJeLyIONLHM MepeotTwioxKeHveM 
paHee H3BepxKeHHbIX 93¢:ppy3HBHO-NMpOKJaCTHYeCKHX MOPOL, CaraBlIHX CHHBe- 
JIMpOBaHHy!0 cei¥ac ByJIKaHHYeCKy!O NOCTpOHKy H ee OKPpecTHOCTH. 

Hwke KoHrioMepaToOpekuni 3aleraeT MpocTupatomleeca 3fecb HHTPy3HB- 
HOe€ aHJe3HTO-Oa3aJIbTOBOE IVaCTOBOe Teo, HaGMOAaeMoe HAMM B OOHAKeHHH 
No 44, 

MakpockonuyeckH KuCuIbIe 3ipy3HBbI — MVIOTHbIe, CaGonopucTEie, cBe- 
2#ue, MOUTH adaHuTosble toposbl. [lo MHKpocKoroM HaOlOsaeTCA MUKPOOJH- 
TOpHpoBol CTPyKTypbI NMoposa Cc eMHHYHbIMH BKPalJieHHHKaMH 30HambHOrO 
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larHokasa (DoN, 32°, DoNm 50°, DoN, 78°, anmesut Ne 49, 3aKoH — asb- 
TOBbIH) MH pexke 3epHaMu CeciBeTHoro KsIMHOMMpoKceHa (2V = 44°, cocTaB 
) AMarpamme (*) EnasWosel’ses), rorpy2keHHbIMH B (peJIb3HTOByIO, MecTaMH 
ePOJIMTOBY!O OCHOBHY!O Maccy c n = 1,514. Iloppt BpinoHeHbI JIHCTOBAaTHIM, 
fora paWaJbHO-JIYAHCTLIM WeOJIHTOM, OJIM3KHM K TOMCOHHTy (lIpxAmMo yra- 
€T, 3HaK 30HbI ++; KaueCTBeH- 
i XHMHYECKOM peakiivelt 06- 
pyxxeo Ca?*), 


Ta6Onauua 1 


Ilapametpbt xHMHYeCKOH Xa- 


2 Bec, % paktTepueTuKu (no A. H. 3aBa- 
IIpH comoctaBjeHHH xumMu ate . a 
CKUX cCocTaBoB 3:ppy3HBa u 
(ba (Ta61. 1) BuqHo, uTO 9TH é Z 4 i 
powbl OH3KH K cCpesHemy | 
maputy J[siu, 3a ucKsm0U4e- SiO, | 69,35 | 75,05 
eM G6o.lee BbICOKOM H3BeCT- TiO2 ca. | 0,74) a=4,9 a=6,4 
BHCTOCTH HM HH3KOrO 3Haue- AlsOs | 11,62) 10,88 | e=15,2 eased 
9 > Fe,03 tea 0,64 pe Get le ing 
A CYMMBI IWleouel, TO AB- FeO ‘| 0,44 | 0,66] s=85,0 | s=86,8 
eTCA OObIUHLIM JIA H3BeCT- MnO = 1) O04 Osa a5. 0 f= br 2 
Bo-menouHbix usBepxenubix MEO | 4,05) 0,38 vee ahaa 4 
Cc) : ’ 4 = , = ’ 
ee POBHH-  NasO | 1,17.) 2,04.) m’ = 29,9 | m= 17,0 
H. K:0 1 oo | kk Tl == 102 i= (9,0 
OnucaHuble MMapHThl H Ty- P.O; | 1,11 | 0,17} o=20,9 | »=17,0 
I MbICKJIOHHbI paccmatpuBaTth~=sCi..m. | ~=— | 4,25 
K pe3yibTaT OH3KHX 110 eae Meir Dea neie 
H,O- Se Ws et 
€MeCHH BYJIKaHH¥YeCKHX 9KC- S 0:27 | 0,47 


O3HH, YTO B H3BeCTHOH Mepe 
ATBep%KaetcA HX B3aHMO- 
JIO*KeHHEM B paspese 4YeXOB- 
OH BYyJIKaHOreHHOH (dalluu 
2pBbIe€ NMOACTHMaIOTCA BTOPbI- 
), OmM30cTbIO NeTporpadHyecKHX pH3HaKOB, a TaK#Ke HX XHMHYCCKHM 
OJICTBOM. 

Bee BpllileH31OxKeHHOe MO3BOIACT 3AKJIOUHTb, YTO CYULECTBOBABINHH B Cpey- 
MHOWeHOBY!IO STOXY BYJIKaHHYeCKHH almapaT WeHTpasibHOrO THIla, Kpome 
eoO1aaioulHx MpoyKTOB OCHOBHOM MarMbl, H3Bepra/l B KOHEYHBIN 9TaM CBO- 

JCATEMbHOCTH TIPOMyKTbl KHCJIOrO COCTaBa, BO3HHKIIMe, BePOATHO, B IIpo- 
cce AuppepenuMawuH MarmMaTHyeckoro paciaBpa B ouUare. 

Takum o6pa3oM, He HCKJIOUeHaA BOSMOXKHOCTh NPHCyTCTBHA B COCTaBe Bepx- 
X FOPH3OHTOB YeXOBCKOH BYJIKAaHOreHHOM (paid KUHCJIbIX J1aB H MX TydoB 
soceqHUX y4acTKax BocTOHON uacTH lOxHoro CaxaJiMHa, a TakxKe B A pyrux 
HoHax OCTpoBa, Pe pa3sBUTbl CpeHeMMOMeHOBbIe BY/IKaHOre HHbIe ,PopMallnH. 


Cymma | 100,93] 99,94 


TlpuMeuanue; 1—o6paszen Ne 445, ty; 2— o6pa- 
sey M14, shpby3us. AnanHTaku—3.B. Heanesa, JI.K. MapKoBa 


TlocrynHs1o0 
13 X 1960 


CaxasIHHCKHH KOMIMVJI€KCHBIM 
Hay4HO-HcCJeqoBaTesIbCKHH HHCTHTYT 
- CwOxpcKoro orgetenua AkagemMuH HayK CCCP 


UMTHPOBAHHAA JIMTEPATYPA 


Moe Kysnhua, H.W. Patnorex un, | bom, 


1C. H. Anmexcehuypk, 
2M. M. Becentospckaa, Tp. Uucr. 
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3. Cax. ropHompom. komn., N29, Ne 11 (1938). 7? B. H. Ulu aos, JAH, 114, Ne 4 (1957). 
i H. Wluwaon, Hse. AH CCCP, cep. reon., Ne 12 (1958). ° B. H. Iluaos, JAH, 
', Ne 4 (1957). 
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Wloxrnaayn Akayemun wayk cCccP 
1961. Tom 137, Ne 3 


TEOJIO‘H Ay 


T. A. HIWEHKO 


O HAXOJIKE CPEHEJEBOHCKOM ®JIOPbI HA IO)KHOM 
OKPAHHE JIOHELLKOrO BACCEHHA 


(I] pedcmaeaexo axademukom H. M. Cmpaxoesim 1 X 1960) 


Ha teppuropuu Bonpuoro Jlon6acca BemeqcTBHe HHTeHCHBHOH pa3BelKu} 
Ha Pa3JIMUHble MOJIe3HbIe HCKOMAeMbIe, B OCOOCHHOCTH Ha HedTb H 1a3, yCTaHOB4 
JI@HO BeCbMa LIMpoKee pacmpocTpaHeHve JeBOHCKHX OTJOKeHHU. OfHako Ha 
JIH€BHY!IO MOBE€PXHOCTb 9TH OTJIOKCHHA BbIXOAAT Ha CPaBHHTeJIbHO HeOOMbINOF 
TeppHTOpHH BOb 1O*KHOH OKpanHE! JloHeuKoro Oaccelina. Tlostomy jeBor 
JlonOacca, Kak HavOowlee JOCTYNHbIN WIA HaOMOLeHHA, 3aCyKUBaeT BCECTO! 
PpoOHHero TiaTebHOrO H3y4eHHA. . 

J\isx pelieHuA MHOrHX BONpocoB cTpaTHrpadHu WM Naneoreorpaduu jeBous 
CKUX OTJIOXKeCHHH BOSHHKaeT HEOOXOHMOCTH yrvlyOJIeHHOrO H3y4eHHA CosepmKa 
IMHXCA B HHX MaJleOHTOJIOrHyecKHX OCTaTKOB. KosMuecTBo HM cTenmeHb H3y4eH! 
HOCTH HX B 102%KHO-JIOHEILKOM JeBOHE JasieKo HegoctaTouna, [laneonTonoruueckHe 
JaHHBle, KaCalOUlHeCA STHX OCAJKOB, OTHOCATCA JIMIb K CaMbIM BepXHHM H 
FOPH30HTaM, OXapaKTepH30BaHHbIM OCTATKaMH paCTeHH, H HHXKHAM — cosepy 
*KauluM cdayHy. Bes ocTaibHaA Tosula Nopok MaseoHTOMOorHyeckH MOYTH # 
oxapakTepH30BaHa. 


' 


H. W. Jle6enesrm (*) B CuaHIeBO-lleCuaHHKOBBbIX OTJIOMKEHHAX, NoOcTE 
NalolulHX TOJIWLY CMJIOWIHbIX H3BeCTHAKOB TypHelicKoro Bo3spacta. B 1894 f 
oH Opa onucanpt 1. ®. [Imanpraysexnom (?), oTHecIIMM 3aKsOUAaIONLHe daiop’ 
COW K BepxHemy JeBony. Ha ocHOBaHHM STOFO BCA TOJIMa NOpon, saeraroulHy 
MexKLY KPUCTaIIMYeCKHMH TopoaMH HW TypHelCKHMH | H3BeCTHAKAMH, BCeM 
HCCJIEMOBaTeIAMH CUHTaIaCh BepXHeeBOHCKOH. BnociekcTBHM U3 STHX *Ke re 
pxu3ontos M. JI. Sanecckum (°) Obl OMMCaHEI pacTHTebHbIe OCTATKH. 
Takum o6pa3om, onucaHHad H. ®. Ulmanpray3senHom u M. J]. Saneccxe 
dbiopa NpOHCXOLUT H3 BepXHeH NMOJOBHHbI JCBOHCKOH TOJIULH, BbIenneMow: 
A. II. Poraem (*) B «cepbiii» ZeBon. 3 Bceli ocTambHow Tom Nopor («6ypHiiy 
u «6erbii» Resow A. I]. Poraa) He Obl0 H3BeCTHO HAKAKHX OpraHWyecKHX OcTaT] 
KOB, H JIMUIb HM*KHHe Ce TOPH3OHTHI ObIIH OXApakTepH30BaHbI CKyAHOU tbayHo: 
6paxuonoyx Ambocoelia (?), Athyris (?) u Spirifer altovae Nal., nocayxupme 
ocHopaHnem A. I]. Porato quia oTHeceHHa ee K aMeHCKOMy Apycy BepxHere 
TleBoua. | 
B rocieqHve Poybi B CaMbIX HH3aX 9TOH TOMINH, 3aeraiomleH Henocpe | 
CTBeEHHO Ha KPHCTAaIMYeCKUX NOpoax M MpekCTaBMeHHOH apKOSOBbIMM TMecua} 
HMKaMH M CaniamH, IO. M. Ilymaposckum u J. B. OOpyyesnm (°) 6b Hall} 
weHbl OCTaTKH UxXTHOdayHE! Coccosteus sp., Laccoguatus sp., Dipterus pat} 
ciporus Sp. M., Ha OCHOBaHHH KOTOPOH 3aKJHOUAIOIWIHe MX CJIOH OTHECeHbI HM 
K %KHBETCKOMY ,Apycy cpefHero feBoHa. ~ : 
HecmoTpa Ha To YTO yCTaHOBJICHHE BO3PaCTa 10X%KHO-OHEILKOFO LeBoHa Opie 
HPOH3BeeHO Ha OCHOBAHHHM PaCTHTeJIbHbIX OCTATKOB, H3Y4eHbI OHH JaseKo He 
JOCTaTOUHO H HMMerollMecH JaHHble Jasieko He OTOOParxKaloT Bcero pasHoobpal 
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Puc. 1. /—3 Asteroxylon elberfeldense Kr. et Weyl.; 4 — Barinophyton sp.; 5 — Hyenia ele- 

gans Kr. et Weyl.; 6 = Boegendorfia semiarticulata Goth. et Zimm.; 7 — Duisbergia mira- 

bilis Kr. et Weyl.; 8 ee Calamophyton primaevum Kr. et Weyl.; /0 — Aneurophyton ger- 

“manicum Kr. et Weyl: 11 — Protolepidodendron cf. scharyanum Krejci. Bee H300paxKeHHs 
‘Wavbl B HaTypaybHyi0 BeTHYHHY 


i. : 
®. 137, Ne 3, Mnjenko : \ 


f . 


|. JI. SaneccKuM OCTaTKOB M1ayHOBBbIX, TO BHJOBOH COCTaB HX B CBA3KC JaHHbIMH 
lourmauca (°) rpe6yer mepecmorpa. Ilocue uccuefopaHui STHX aBTOPOB M3yue- 
eM QJIOPbl 10*%KHO-OHEIKOrO eBOHA HUKTO He 3aHMMAJICA. Mexyy TeM, J\aH- 
pie TulyOoKoro OypeHHA B OOMACTH 10%HO-OHEMKOTO AeEBOHA CBUETCbCTBYIOT 
TOM, YTO B 9THX OTJOMKCHHAX KPOMe BePXHeMeBOHCKOM Cpuopbl ComepaTCA 
akxKe OCTaTKH pacTeHuii Oomee ApepHero oOsuKa. 

Vicxoia “3 H3s0x%KeHHOrO, a Takx%Ke M3 HeOOXOMMMOCTH H3yHeHHA COBCEM 
e HCCIeMOBAHHBIX B MaleoOoTaHH4eCKOM OTHOUICHHH JeBOHCKHX OCaAKOB 
[yenposcKo-Jloneukoi BragMHpl B MucruTyte reolorMuecKkux HayK AH YCCP 

1956 r. Opio MocTaBseHo u3y4eHHe ZeBoHnCcKO cpioppl YCCP. 

B o6sacTH pacmpocrpaHeHuA 1Ox*KHO-JOHeIKorO AeBoHa 6bLIO OOHApy2KeHO 
leCKOJIbKO HOBbIX MECTOPOX*KAeHMA G.lopbl, a TAKKE oTo6paH MaTepHas C OCTaT- 
‘AMM JCBOHCKUX pacTeHHit U3 CKBaxKUH. CoOpana OOWIMpHadA KOJWJIeKWHA JeBOH- 
KUX pacTeHHit, KoTOpad Oplla NofBeprHyta TULaTeIbHOM MoHOrpaduyeckon 
\6padorKe. OcraTKH pacTeHult oOHapyxKeHbI BO BCeH TOVILe MEBQHCKHX OCaj- 
cop 1ora Jlon6acca — «Geom», «OypoM» H «CepoM» AeBOHe, OSTOMY cenuac 
IpeAcTaBIAeTCA BO3MOXKHBIM jaTb HX (biopucTHueckylo XapaKTepHCTHKy H 
CBETHTb, 110 aHHBIM (blopbl, cTpaTurpacuyecKoe NMosowKeHHe HEKOTOPHIX HX 
FOPH3OHTOB. 

[lepppie Haxof[KH PaCTHTebHBIX OCTATKOB Cile/laHbl HAMM B CaMbIXx HWKHAX 

OpH3OHTAaX JeBOHCKOM TOJMILH — B «<6eJ10M» JleBoHe. OHH OOHAPyKeHb! B KeEpHax 
DaSBeMOUHbIX CKBAXKHH, PaCIIOJIOVKEHHHIX B CaMOli 1O*KHOM Mosloce paciipoctpa- 
4eHHA OKHO-LOHeUKOrO eBoHa — B palioHe CC. Onprunka u Hukowaenka. 
_ TaaBwad Macca pacTHTeJIbHbIX OCTATKOB lIpuypoueHa K HMxKHeli YacTH «Oe- 
loro» JesoHa, a HMeHHO K [eC¥aHHCTO-aprHAAMTOBLIM TOPH30HTaM, OTHOCHMbIM 
IO. M. [lymaposckun u JI. B. OOpyyesbim kK *KHBETCKOMY APyCy cpequero jle- 
BOHa; MeHbilee KOJIM4eCTBO HX HalifeHo B BepXHHUX FOpH3oHTax 9TOH TOJIULA, 
BEilennemo IO. M. IlymaposcKHM B aprHJIIMTOBO-H3BeECTKOBYIO cepHio 4H OT- 
HOCHMyIO HM K (ppancKomy Apycy BepxHero AeBOHA. 

OcHOBHBIe yepTsl MoppolOrHM STUX OCTATKOB CBHACTEbCTBYIOT O TOM, 4TO 
OHH TIpuHaliexanu HeOOJbUIMM TPaBAHHCTbIM PacTeHHAM, WMeIOWLuM Oovlee 
HpHMMTHBHI OOUK, YeM pacTeHHA BepxHero ACBOHA. Ouw mpeficTaBJleHbI mpe- 
MMYUleCTBEHHO OTMeYaTKAaMM TOHKUX TOvIbIX, AUXOTOMHMCCKH BeTBALLUXCH 106e- 
ToB, MpWHasexKaulux U3BeCTHOMy MpeAcTaBuTevto TP yiibl ncHouTOB — BHA 
Asteroxylon elberfeldense Kr. et Weyl. Kpome ormeyatkos cTe6leH 3TOTO Bua 
‘3ylecb HaiifeHbI OCTATKH, NpHHasexallne HeOOJIbLIOMy IIPHMMTHBHOMY WJIeHH- 
etocre6ebHomy — Calamophyton primaevum Kr. et Weys., cuuTaroulemyca 
TIpeKoM KaMeHHOYTONbHBIX Ka/aMHTOB. 
 QOG6a 2TH Bua MpescTaBasioT coool XapakTepHbie (bopMpl cpewHero AeBoHa 
Sanaguoi Esponsi: neppplli HalieH B CpeAHeyeBOHCKUX ocaykax TepmMaHuu, 
Besprun, Hopseruu u Iloraanguu. sropoii — B OAHOBOSpaCcTHbIxX ocaykax 
3anagzuou Tepmanuu. Pacnpocrpanenue Ux OrpaHHueHo y3KuMu cTpaTurpadu- 
YeCKUMM PaMKaMH: HWKHM — cpeqHHH AeBOH, a COBMeCcTHOe HX Haxo*KeHHe 
¢ JlOCTOBepHOCTIO cBHeTeLCTByeT O CpeHeeBOHCKOM pospacte Coflep2Kalllux 
“EX ocagKOB, 4TO JlaeT OCHOBaHHE BCIO TOVJIILY «6esloro» JeBoHa, MO JaHHbIM (pslo- 
\pbl, CYHTATh cpefHeeBoHcKol. 

_ STW we xXapaktTepHbie cpeHeseBOHCKHe opMbl, HaiieHHbIe, OJHaKO, B CO- 
-ctape Oonee GoraToi opHcTHyecKoHK TpyMMMpoBKH, oOHapy?KeHbI HaMH B Apy- 
To Toke pacnpocrpaHeHHA AeEBOHCKHX OCAKKOB, a umeHHo B ycrbe 6. [a- 
yuoubeli, pacniosoweHHoH y C. Crpiia. OHH HafifeHbI 3/,eCb B TOILE CepolBer- 
‘HEIX MeC4aHO-rIMHHCTHIX OTNOKeHHH, PUrypHpyloulux Ha cxeMaTHuecKOH reo- 
jlorMuecKou KapTe 10xKHO-ZOHeMKOrO AeBOHa (cm. (°)) Kak «apKo3bl cpeAHero 
WeBoHa MW M3BeCTHAKOBO-apruAMTOBaA CepHA (bpaHckoro sApyca». 
Haiimenuan*3yecb tiopa xapakTepusyeTca pa3HooOpa3HbIM BHJOBbIM CO- 

TABOM H OOWAeM OTIeIbHEIX MpencTapuTeiel. Ona mpesctaBieHa MlOuTH BCe- 
(‘MH KaaccaMH BbICLUMX cocyAHcTEIx pactenult — mcusopuTamn, nanmopoTHHKaMhH, 
|" WIeHACTOCTeOe/IbHEIMH M I1J1ayHOBbIMH. 
eblerfeldense Kr: et Wey!., Aphyllopteris sp., Aneurophyton germanicum 
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Kr. et Weyl., Hyenia elegans Kr. et Weyl., Calamophyton primaevum Kr. et 
Weyl., Boegendorfia semiarticulata Goth. et Zimm., Protolepidodendron cf. 
scharyanum Krejéi, Duisbergia mirabilis Kr. et Weyl. a Barinophyton sp. 

M3 mepeynculeHHbIx (popM B STO dope HavOoulee pacnpocTpaHeHHBIMH 1B 
JisioTcA cHopuTpl (Buy A. elberfeldense), MeHee pacnpoctpaneui 4 JIeHHCTOCTe- 
GeIbHbIe WM elle MeHee — layHOBbIe MH ManopoTHHKH. 

Ilo cBoemMy BHOBOMy MH KOJsMYeCTBeHHOMy coctaBy dopa 6. Tamouneli 
OOHapyKUBaeT MOUTH MOMHOe CXOACTBO C H3BECTHOI CpeHeeBOHCKOli (pulopo 
Sapoeperbya Ha Peiine (Sanaquan Tepmanus), coorsercrsyiouleli HuxKHe 
yaCTH AHBeTCKOrO Apyca (’).. [louru Bce BUAbI B UX COCTAaBe ABJIAIOTCA OONLUMH) 
34 HMCKJIOYCHHEM TIPHCyTCTBYIOWHX B HalieHHOl Hamu dope Barinophyton 
sp. H Boegendorfia semiarticulata. On“ He MoryT uMeTb peutatoulero cTpatu-) 
rpapuyeckoro sHaveHHA, Tak KaK nogxoOHEIe Barinophyton sp. npo6memaru 
YeCKHe CTPOOHJbI OblIH Haii[eHbI BO BCeX TPeX OTMe/MaX JeBOHCKOM CuCTeMBI, p 
a Buy B. semiarticulataxora u Haiigen Toranom u Ilummepmanom (8) B cambixl 
HIKHUX TOPH3OHTAX HHKHECHIE3CKOrO BePpXHero AeBOHA, OHAKO pacieHuBaert- 
CA STHMM ABTOPaMH Kak PacTeHMsA, COXpaHMBUIMe B CocTaBe GoreHLop*ckoli Bepx-} 
HeJeBOHCKOH (blOpbl CpeHeLeBOHCKHH O6NK. Ilostomy HasmmuNe MX B Kommse-) 
KCe CpeHeWeBOHCKOH (lopbl BMOHe JoMycTHMo. 

Takum o6pasom, dopa 6. Tapioubeli umeer cpeqHeteBoucKuii BospacT HW} 
yBepeHHO COMOCTaB/AeTCH C THNMYHOH CpeHeeBOHCKOl cbropon SanaqHoit f 
Tepmanun. t 

Kpome CxojJ{CTBa B BHOBOM H KOJIHYeCTBeEHHOM CocTaBe 06e (propbt O6Hapyxu-| 
BaloT CXOACTBO H MO yCJIOBHAM HX OOMTAHHA; B CocTaBe OGeHx OOHapyxKeHbl | 
OcTaTKH *ayHbl OpaXxMonog, CBUJeTeAbCTBYIONIMX O MpOMspacTaHHH ux Ha OO- > 
BOJHEHHBIX MOPCKHX moGepexkKbsx. f 

Ha OcHOBaHHH BCero M3/10x%KeHHOrO MOXKHO ClenaTp cweyroulHe KpaTKHe | 
BbIBOJIbI: f 

1. Jlesonckue oT0xKenua tora JlonGacca 6orarhl PaCTHTeJIbHbIMH OCTaTKaMH. 

2. Kpome u3BecrHoli flo HacTOsMero BpeMeHH BepXHEeBOHCKoli — apxeo-. 
nTepucopor bop Ha wre Jlon6acca Gpila pasBuTa TaKxKe cpelHeleBoHcKaa } 
IcHopuToBax blopa. Ona xapakTepHsyerca pasHooOpasHbIM BHAOBLIM cocTa- 
BOM, B KOTOPOM OlIpefleJleHbI MCHJIOPUTHI, YWICHHCTOCTeOeIbHbIe, TayHOBbIe § 
WM ManopoTHHKH. 

3. Ilo BuqoBomy cocTaBy HM ycJOBMAM OOvTaHHA cpeqHeqeBoHcKas (pulopa 
ora JLonOacca o6HapyxKUBaeT MO/HOe CXOACTBO C M3BeCTHO! (pOpoH cpeHero: | 
Hespouwa Sanaquoit Tepmanun. i 

PasHoo6pa3sHe BHOBorO cocTaBa HU oGMsHe OTJ€JIbHLIX TpecTaBUTesen, — 
a TAKXKE HaJIM4He OCTATKOB (ayHbl OpaxHonos CBULETEIbCTBYIOT O TOM, 4TO (bulopa 
9Ta CYIL€CTBOBaIa B YCJIOBMAX MOBbILICHHOH BJlaxKHOCTH, CMeHHBIUeH apHHBle 
YCJIOBHA HWKHerO JeBoHa. 


MucrutyT reoormueckux Hayk Tlocrynuno 
Akajemuuw Hayk YCCP ; 4 VI 1960 


UHTHPOBAHHAS JIMTEPATYPA 
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Mornagn AkageMun Hayx CCCP 
1961. Tom 137, Ne 3 


TPEOJIOPH A 


JI. WH. JIEBEAEB 


K TEKTOHHYECKOMY CTPOEHHIO CPEQHETO KACIWSA 
(IIpedemaeaexo axademuxom JI. H. Ulep6axosoim 21 VII 1960) 


TekToHuyeckoe cTpoeHHe Cpeyuero Kacnusa sABJImeTCA OUCHb HHTepeCHbIM 

SOIIPOCOM, TeCHO CBA3AHHbIM C HeTeHOCHOCTbIO OKPyXKalowiux oGsacTei. 
TeOoublioe KOHUeCTBO reoJIorMueckoro MaTepHasia H He3HaYHTeJbHbIii OObeM 
AOPCKUX TeopusHyecKHX PaOOT MOSBOJIAH pelllaTb STOT BOIPOC TOJIbKO B Ca- 
10M OO1eM MutaHe ((°, 1°, 1°) u ap.). Kak Onlio oKasaHo pAOM UccsIeqoBaTeselt, 
eHb OOJIbUloe 3HAYEHHE JIA BbIACHCHHA TEKTOHHYECKOM CTPYKTypb! AHa Kac- 
IMHCKOrO MOPA HMMeIOT TeoMOpdoviorMyecKHe MeTOLbI HcceqoBaHHA (8-1). 
_ Vactutytom reosoruu MW pa3pa6oTKH TopiouHx ucKoMaempix AH CCCP 
rpynna B. ®. Conoppena) 3a nMocweqHNe Frosh! Obl MpOBeeHbl IXOJIOTHBIE 
Ipomeppl AHa Cpequero Kacnua rip MOMOMIM 9XOJIOTOB-CaMOMMCHeEB C HeMmpepbIB- 
{oH 3alHCcbiIo pesbeda WHa *. B pesysbtate ObluiM MOCTpoeHbI OaTHMeTpHYyecKaA 
| CTPyYKTypHO-reoMopdouioruueckaA KapTbl, a Tak»%Ke CocTaBsIeHa TeKTOHUYe- 
Kana cxema (puc. 1), B KoTOpOH yUTeHbI pe3syJIbTATLI MocseqHHX UCcweoOBa- 
iM Teoormueckoro CTpoeHHA CYyWH H MOpCKHX reodusnyecKHX paoor. 

B cTpykKTypHoM oTHoweHnH Cpeqnni Kacnnit mpeycrapaset co6ol BocTou- 
ioe NpofomKenue IIpeqkaBKa3scKoro MepesoBoro Mporn6a, KOTOpbIi pa3BH- 
A Ha Kpalo 9SMHrepllHHCKoH maTdpopMbl C Me30KaHHO3OHCKHM OCaJOUHbIM 
exJioM (°,°,1°). Ero reocHHKJIHHAaJIbHbIli OOPT COCTOMT H3 JBYX KPYMHbIX CTPyK- 
yp: TpeTwuHoH cksaquatoHw monocht Jjarecrana uw Kycapo-J,uBuuuncKoro 
MHKIMHOpHA (’). Bocrounee TpeTHYHOH CKJIaquaTOCTH B MOpe pacmooxKena 
ceBan 30Ha Tepcko-Kacnulickoro mporn6a, koTopaa B JlaHHOH 4acTH MOJIHO- 
TbIO KOMMeHCHpoBaHa ocayKamu (°) HW B pesibede MOUTH He BbIpakKena. 

B mpefenax Kycapo-][upuunHckoro CHHKJIMHOpPHA BbIeAeTCA PA TeKTO-. 
MUCCKHX SJIEMCHTOB, HaXOMAMHX CBOe MpososKeHHe B Mope. Henocpercr- 
leHHO Ha rpaHulle TpeTHIHON cKalquatocTu Jlarecrana uv Kycapo-/|uBuunucKoro 
MHKJMHOpHA pacnomaraetca CamMypckuii MonepeyHblii MporHo, ABJIAIOULMHCHA 
{OOOH HaloywKeHHOW cTpykTypou (*). OM mpocsiexKuBaeTCA TakxKe M B MOpe, 
Te OCHOBAaHMAMH JIA ero BbIZeICHHA CJIYKAT OUeHb HEOOVIbINAA WMpuHa Webipa 
‘ CKJIOHa IowKHee ycTbaA Camypa HW NOHWKeHHOe 3aleraHue OpoBKu (Kpal WeJIb- 
da) TO CpaBHeHHIO C CeBEPHbIM HM IO*KHBIM yuacTKamMu. BnowHe BepoOATHO, 4TO 
(CHOBHYIO POb B PasBUTHM Mporu6a urpaeT Camypckult pa3sviom (°). 

JloKasIbHbIe CTPYKTYPbI, OCJORKHAOMLMe WeHTpabHylo uacTh Kycapo-J{MBu- 
MHCKOFO CHHKJIMHOPHA, HeKOTOpple aBTopHl (’,°,1°) OObeMHAIOT B AHTHKJIMHAJIb- 
€ 3OHbI HW CBASbIBaIOT HX C BOCTOUHOM H 3amaqHOl AHTHKJIMHAJIbHbIMM 80HaMH 
larecTaHa, MpHueM, NO MHeHHIO yKa3aHHbIX HCC/eMOBAaTeJeu, STH CKJaqyaTble 
OHEI MpofomKaioTtcaA B Mope. Ha OaTHMeTpHyuecKOH KapTe, COCTaBJIeHHOH NO 
@HHbIM SXOJIOTHBIX MIpOMepoB, H Ha CTPYKTYPHO-reomopdosoruyeckoH Kapte 
MAHO, YTO yAaCTKM MpelnotaraeMoro MpoOOJOKCHHA AHTHKJMHAJIbHBIX JIMBR 
apakTepH3y!lOTCA M3MeHeHHeM HallpaBJieHHA H300aT C CeBepo-3amay-10ro-Boc- 
DYHOTO Ha CYOUIMPOTHOe, YBeEMYeHHEM WIMPHHbI JWebPa, a TaKxKe NMOBbILWEH- 
IM 3asleraHHem OpoBKH. Bce 39TH JaHHble MOSBOJIAIOT CUMTATb, UTO AHTHKJIN- 
abubie mHHuH Kycapo-J\uBM4MHcKoro CHHKJIMHOpisA MpociexuBawtca B Ipe- 
@JIbI KOHTHHEHTAIbHOrO CKIOHa Cpefuero Kacnua. Pde 

Cepepxee Antueponckoro nosyocTpona B peuibede BbIeHeTCA MOorad Bra- 
Ha, IOKHIM Oopt. KOTOpOH XOpoulo NosyepKuBaeTcaA MoBeyeHMemM OpoBKH. 
‘ Heli IpHypovena KpynHan OTPHLATeMbHaA AHOMAJIMA CHJIbI TAXKECTH, H3BECT- 
| _ * Tlomp3ysacb cayyaeM, aBTop BbIpaxkaeT ray6oxy 6narogapHoctb H. B. Huxonoposy 
V1. A. Tluckynosy 3a oKa3aHHHoe cogelicTBue IIpH BBINOJHeEHHH STHX paOoT. 


663 


. 


Haat mo HasBaHvem Cepepo-Anuieponckoro mHHuMyma ((1%,!4) mw op.). Sonal 
OTPUULAaTebHbIX @HOMAJIMH MpocMexKMBaeTCA B CTOPOHY CylIM No HaNpaBJeHH 
x Kycapo-J.upnunuckomy CHHKIMHOpHiO. Celicmopa3Befounbie padoTbl, MpoBe-§ 
HeHHbIe€ Ha M@JKOBOAbe, B OCeBOM 30He MHHHMYyMA€, NOKasaJIH O4eHb PiyOoKoe,# 
jo 5,5 KM, 34JleraHve KPOBJIH M€3030A, IIpHYeM Me3030HCKHEe OTJIOMKeCHHA OOpa-h 
3Y1I0T MYJIbLY, paCKpbIBAaIOMLyIOCA Ha 1OFO-BOCTOK, CileOBaTebHO, MOXKHO OXH-| 
yarb elle Govlee riyOokoro 3aleraHHA KPOBJIM Me3030A & IeHTpaJIbHOH 4acTyl 


/ 


cei Wie | 
lies a ha fae 
/ 


ae, 
eS ee 
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Fay fey 


/ 
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ok Pat ay 
OE ee (Me be, 


hw ay fame ee | 


Puc. 1, Textonwueckad cxema AnHa Cpeguero Kacnus. J — ns06aTb 10 aHHbIM SXONOTHBIX 1po-fl 
Mepos, 2 — Kpaii weabda (6popKa), 3 — noqHomwHe cKOHa, 4 — rpaHHla 9INHrepuMHCKOwy 
natpopMbl, 5 — rpaHulla albnHiicKol cKnaquato o6mactu, 6 — KonTypbl mporn6os, 7 — KOH 
TYPE! MOMWATHI, 8 — OCH AHTHKIMHAIbHBIX IMHHH, 9 — ocu nporv6oB Hu CHHKIHHaneH, 10 — 
JOKAaJIbHbIe CFPyKTYPbI, JOKASaHHbIe reopHsHKol H OypeHHem, // — NOKabHbIe CTPyKTypH, BbI-! 
Teuisemble 10 reoMoposornyeckuM ZaHHEIM, 12 — JOxuuo-ManrpuumakcKuii mpornud, 13 — 
paGorascKult cpog, /5 — MaurpuuiakcKad meraHTuKsHHalb. J — CepepHand BnagquHa CpeqHerojy 
Kacnua, /J — Jlep6entckaa pnaguna, //] — Ouuaa snaguna Cpegnero Kacnua, 1V — Cet 
Bepo-AnmepoxcKkaa BnaguHa, V — Camypcxkuii nonepeynprit nporn6, VJ — cuukiunanb Kasax+4 
exoro 3annBa, V// — cHHKIHHab GeccTouHbIx BnagquH, V//J — nepsBoe toxmHoe noqHATHe Cpeny 
Hero Kacnus, /X — propoe joxkHoe nogquatue Cpequero Kacnua, X — noqusaTue mbica IlecaaHbihil) 
AenpeccHy, COOTBeETCTBYTOINeH HavOOJIbIWHM OTPHLaTeJIbHbIM 3HAYCHHAM CHVJIb 
TaxKeCTH. Takum OOpa30M, 9Ta 30Ha, BbIJeIABWIAAICA paHee pAOM HCCJeHOBa+) 
TeleH B KayeCTBe OTPHILATeEIbHOH CTPYKTYPbI Ha OCHOBAHHH PpaBHMeTPH4eECKHAP 
_ Aanuprx (°,1*,1*), noqTBep2kqaeTca celicmMHu4ecKHMH HM reoMopdoviorMyecKHMH HC4 
cileqoBaHuamMH. Ona momyunma Haspanve Cesepo-AnmieponcKoro mporu6al 
Tlocequuii, MO-BHJMMOMY, ABAAeTCA mpofouKeHHem SefixypcKoro mpornoa, 
BbIeIsemoro B Mpexemax Kycapo-J[upuuunckoro cuHKsMHOpuA (’). IOro-3a} 
maqupii Oopr Cepepo-Anuiepouckoro mporn6a, Kak 9TO OblvIO BbICKa3aHO paHeé 
(**), PpaHwuuT c ceBepo-BOCTOUHLIM CKJIOHOM JOrO-BOCTOUHOrO OKOHYAHHA Bovby 
wIoro Kapxaza, O 4M CBHCTeEIbCTBYeT CPaBHHTeCJIbHO Hersly6oKoe 3aJleraHHg’ 
Mela Ha OaHKe Iliopyna. HenocpegzcTBenHas cBxA3b CO cTpyKTypamu Kycapot 
J\uBv4uMHCKOrO CHHKJIMHOpPUA, C OMHOM CTOPOHbI, H TpaHHia c 10rO-BOCTOUHBIM, 
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OKOHYAHHMeM IeHTpPasbHOro MeraHTHKHHOpHA Boapiuioro Kapka3a —c pyro, 
a TAKKe OOMbIMAA MOMMLHOCTh MOCTeMeSO3OHCKUX OTOMKEHHL MO3BOIAIOT CuH- 
rath Cepepo-Ammepouckuii mporu6 BHyTpenuHel sono IIpenKapKascKoro me- 
peqoBoro lipornOa HM ero WeHTPHKJIMHAI_LHbIM 3aMbIKAHHeM, TAK Kak 1OrO-BOCTOU- 
Hee STOM JelIpeccHH asbMMucKad CKJaquaTad OO6aCTb BIOTHYIO NOLXORUT 
K SIMrepWuHCKOK MuaTpopMe MH MepexoBol mporu6 orcytctTByer (°). 

Llentpasbuyto uactb Cpeguero Kacnua 3anumaet Jiep6enTcKad KOTJOBMHA, 
ipescTaBAtoulad coOoH yyacTOK MepesoBoro mpornuOa, He KOMMeHCHpOBaHHbIit 
calKAMM, MOKASATeMECTBOM YerO ABMAETCH peste Wa MOpA (°). lanupie ma- 
feorpauu TOBOpAT O TOM, 4TO B Havasle BeKa IIpOLYKTHBHOM TOU HM Ha He- 
<OTOPHIX STANMaX Me3030H B Mpesetax Cpequero Kacnua cylecTBoBasa cya, 
<OTOPad, BEPOATHO, HaXOMMsIacb B paiione coppemeHHor JlepOeHTcKo KoTJO- 
sHHbI. EcsIM STO TaK, TO MOCJIeEIHAA ABAeTCA HasoxKeHHOH. Jlep6eHTcKaa KOT- 
fOBMHA XapakTepH3yeTCA KpPYNHbIM TpaBHYMeTpH4yecCKHM MAaKCHMYyMOM, OovIb- 
MHHCTBO HCCJIEMOBATeeH CBA3bIBaIOT ero C HeryOOKUM 3aJleraHvem mMaweosol- 
‘KOTO CKJIassatoro dyHqamenta ((*) u Ap.). OmHako Takoe HCTOJIKOBaHHe He 
{BAACTCA JOCTATOUHO HCUeEPIIbIBAIONLUM, MOCKOJIbKY 3Ha4YeHHe TpaBHTallHOHHbIX 
JHOMAJIMM B STOM palOHe 3HAYHTebHO BbIIe, 4eM B palione KapaOora3ckoro 
‘Boa, re PyHAaMenT 3aeraeT Ha ruyOune OKOJIO OMHOrO KHIOMeTpa. Beposr- 
yee Bcero JlepOeHTCKHH MaKCHMYM CBA3aH He CTOJbKO C rIyOMHOK 3aneraHua 
{POBIM MasmeosolicKoro dyHaMeHTa, CKOMbKO CO cTpoeHHemM ruiy6okux yacrTeli 
eMHOM KOPbI, MOJOOHO TOMY, KaK 9TO ObIIO HeLaBHO OOHAPy2KeHO B palioue Ta- 
blIcKO-BaHyamcKoro MakcumMyma B A3epGalimm«ane (}?). 

Ha Boctoke Cpeyquero Kacnua Ha ocHOBaHHH reomopdosorMyeckHX Hccue- 
(OBaHHH C yueTOM reoc*usH4eCKHX JaHHBIX MpeCTAaBJIAeCTCA BO3MOKHBIM BbIe- 
[MTb PH CTPYKTYPHBIX IeMeHTOB. B toro-BOCTOUHOM yrvly pacnovlaraetTca 
PyMHoe MaTdopMeHHoe MOMHATHE, BEPOATHO Taeoso0lCKOrO BOspacTa, H3Be- 
THOe MoO Ha3sBaHvem Kapa-bora3ckoro cBoja. SHadHTeJIbHaA YaCTb ero HAaXO- 
MTCA Ha Cylle B palione 3anuBa Kapa-bora3-lou. IloquatTue Oplio BpIemeHo 
(epBOHAUAIbHO MO TpaBHMeTPHYeCKHM JaHHBIM, MOLATBEPXKAeCHHbIM BMOCJeLCT- 
Mu OypeHuem H ceiicmuKoii ((°,”) 4 Ap.). 

K sanazy ot Kapa-borascxoro cBofla pacnojaraeTca OTHOCHTeIbHO Kpym- 
[ad aTpOpMeHHad CTPyYKTypa, XOPOUIO BLIPaKeHHAaA B pesbede, KOTOPY!O MBI 
iBILeIAeM MO HasBaHvem TOxKHOH BoaquHE! Cpequero Kacnus. Teodusnue- 
kKue paooTh B Mpesenax AnuiepoucKoro nopora HaMeTHUJIH ee 1O2%KHOe WeHTPUKJIN- 
lasibHoe 3ambiKaHue (1). Jlempeccua BHITAHyTa B CyOMepHAMOHAJIbHOM HalpaB- 
[CHUM H JIMIIb Ha CeBepe NOBOPayHBaeT Ha CeBepo-3allay, PaCKpbIBaACb B IOxKHO- 
AaHrpuuakckul mporn6. Ee ocepaa 30Ha CMelleHa K BOCTOKY OTHOCHTeJIbHO 
‘ceBol 30HbI JlepOeHTcKol BragquHE. FOmunaa BnaguHa Cpequero Kacnusa Tec- 
[0 CBA3aHa B CBOeM pa3BuTHUN c Kapa-bora3ckHM CBOJOM, 0 4eM CBHeTeJIbCT- 
yer Ge MeEPHAHOHANbHOe MpocTupaHue; TaKAA CBA3b MOSBOMAET MpeLNOOKUT, 
‘TO BPeMA 3aJIOMKEHUA STO JempeccuH —He Mo3qHee Me3030A. Blob BOcTOUHOrO 
iopTa BIMaMHbl, MO-BHHMOMY, paciosaraerTca WelouKka JOKAJbHbIX CTPyKTyp, 
ITAHYTHIX B CYOMeCPHLHOHAIbHOM HalpaBsenuu. OfHa H3 TaKMX CTpyKTyp 
bIpakeHa B BUe HeOOJIbIOTO NOAHATHA B pebee HW NWOKasaHa Ha CxeMe 
puc. 1). C3anayqa Bnagquna oKaliMsiseTcA JBYMA KPyUHbIMH MOUTH MepHMOHaIb- 
IMM CKIaKaMu, PacioJIOKeHHbIMH pyr OTHOCHTeJIbHO Apyra KyMcooOpasHo. 
lo cBoeH MpHpofle OHH’TakxKe ABJIAIOTCA IIaTPOPMeHHIMU H 3aJIOXKMJIMCh, Be- 
\OATHO, B M€3030€, HO He HCKJIOVeHO, YTO HX POPMMpOBaHHe MposoMKasOCh 
| IWIMOMeH-YeTBeEpTHUHOe BPeMA COBMECTHO Cc pasBuTHeM IIpeqKaBKascKoro Mepe- 
oBoro mporu6a. STH NoLHATHA OTZeNAMI0T OxKHyI0 BHazuny Cpequero Kacnus . 
mr Jlep6eHtcKoH KoTMOBHHEI u CeBepo-AnmieponcKoH Jempeccun. 

K cepepy oT Kapa-Borascxoro cBoya, MexkKy HAM HW MaunrpiliakcKoH Me- 
@HTHUKMHHaIbIO, pacioslaraeTcA }Ox«no-Maurpumiakckul mporu6 (°), KoTopprit 
Boaicrengeyercs rayOoKuM 3aieraHveM Mayleo3olicKoro CKJasqyaToro dyxHya- 
exta — Jo 5—6 xm. Cyfa mo WaHHpim celicmMuecKHX MCcIeqoBaHH (?,°) 
lembey WiHa MOps, HanOoslee rulyOoKaA 4aCcTb mporu6a BbIXOJHT B pation Ka- 
axckoro 3amuBa. B oOuleM muiane CTpoeHwe STOM OYeHb KpyNHOl Aempeccun 
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pucyetca B CJlelyroulem Buse. Ee oxKHbI OopT DOMOrH WM MocTeneHHO Mepexo-§ 
mut B Kapa-Borasckuit cBof; ceBepHbIli — HMeeT CTYNeH¥AaTHIM XapakTep 4H 
ocsioxwKHeH )KetpiOalickol CKaqKou, Haxofaulelica Ha cywe (°), H cTpyKTypor 
mpica IlecuaHoro, pacnouoxeHHon B Mope. IlocuequHaa QemuT IOxwkuO-Manrpi-§ 
JlaKCKHH Mporu6 Ha Be YaCTH: CHHKJIMHAb OeCCTOUHBIX BIAMH HW CHHKJIMHAIbE 
Kasaxckoro 3a1HBa. Ocb CHHKJIMHaH Kasaxckoro 3aJIMBa IpWKaTa K 1OXKHOMY 
G6opTy noxqHATHA Mpica Ilecuanoro. B mope 9Ta Jenmpeccua MocTeneHHO mMepexo-§ 
WUT B WeHTpaJIbHyIO BHakuHy Cpequero Kacnusa — Jep6eutckylo KOTJIOBHHYy. 
Tlogustue mpica IJecuanoro, oclomHsAtolulee CeBepHbIM OopT IOxHO-Manrpuu- 
JlakcKoro Mporu6a, ABJIAeTCA KPyNHOH CTPpyKTypoH cyOuIMpoTHorO NpoctTupa- 
HHA, KOTOpad HaMOMHHaeT M0 cBoeH topmMe duiekcypy, oOpajeHHyio Ha 10T,| 
VW HMeeT B peibecbe MaKcuMavIbHy1 BbIcoTy 250 m. K weaTpasmbHom uacru Cpeq-} 
Hero Kacnua HW no HampaBwJeHulo K Oepery aMMJIMTYa NOLHATHA YMeHbUaeTcA— 
OHO, M0-BHAMMomy, 3aTyxaeT. CeBepHbIli OopT CTpyKTypbI OYeHb NOOrHH, mpe-| 
BbILIeHHe EFO B MOPCKOH “aCTH Ha OCeBOH 30HOM CHHKJIMHAJIM OeCCTOUHHIX Ba-ff 
MH He3HaYHTebHO. CooTBeTCTBCHHO, CHHKJIMHAJIb OeCcCTOUHbIX BNaHH UMeeTy 
MOJIOrHH 1OKHLI OOPT H KpyTOH CeBepHBIH, OOpasoBaHHbIH 1OXKHLIMH KPbWIbAMU 
Bexe-BamkyfyKkckow uw )KetTpiOalickol CKafokK; OHA OTKpbIBaeTCA B CeBep-f 
Hylo BHawuHy Cpeltuero Kacnua. 
CepepHas Bnagquna Cpegnero Kacnna ABJIAeTCA MOMepeuHOu CTpyKTypon No oT-F 
HOWeHHIO HW K CKailKamM Maunrpiiviaka, u K Nepelopomy mporHOy. OmuH OopT ee 
BbITAHYT B HallpaBJIeHHH C CeBepO-BOCTOKA Ha loro-3alal, BTOpOH HMeeT cyOme-| 
PHAMOHAaAIbHOe MpocTHpaHve. CepBepo-3anaqHoe KPpblvIO BMa_HHbI Mooroe, F 
BocTouHOe — KpyToe. Jlenpeccus HakJioHeHa Ha 1oro-3aNayl HW pacKpbiBaerT- 
ca B cTopoHny JlepOentcKol KoTJOBMHEI. BeposTuo, CeBepHaa sBnafqunal 
CpenHero Kacnuva saBsineTCA OJHHM H3 OUeHb A PeBHHX CTPYKTYPHBbIX JJIeMeH-f 
TOB; MOCKOJIbKy NepeLoBolt MporH6 HaslowKeH Ha ITY BMALHHY, TO OHA 3a0KH- 
JlaCb paHbiue Hero. Kpome Toro, mo Mepe NpHOIMKeHHA K BMaWHe MpOHCXoOLUT 
norpyKeuue CKaquaTEix cTpykTyp Maunrpmuiaka, 4 B MOpe OHH, CYA Mo JaH-# 
HbIM Treodu3snyeckux paoot (B. A. Kopues, C. I]. Bapranos u gap.), 3aryxaror. f 
Bce 9TO CBHJeTeJIbCTByeT O BepXHeMaJIeO3OHCKOM — HH2KHEMeC3030HCKOM BO3-# 
pacte CepepHoii Bnagunpl Cpequero Kacnua. 
ConocTaBJieHve aHHbIX MaATHHKOBbIX HaOJIOAeHHU C pesbedoM Ha BOCTOY-! 
Hou uactH Cpequero Kacnva noka3asio, YTO HM€eTCA COOTBETCTBHE MexKLYy pesibe- 
cpoM Ha H H3Me€HEHHeM aHOMAJINH CHJIbI TArKecTH. [locKombky B Mpeqenax cyuiM 
HM, YaCTHYHO, MOPA OKa3aHa TeCHad CBA3b PpaBHTal\HOHHbIX AHOMAJIMH C pesbe-| 
tom MasleosoHckKoro KpHcTasM4eckoro cbyHameHTa (7), MOXKHO CieaTb BbIBOL 
0 TOM, 4TO pebed) Ha MOpA BocTOUHOM yacTH CpeqHero Kacnua B oOmIMXx Yep- fp 
TaX COOTBETCTByeT peJbey MaseosolcKoro KpHcTasiMuecKoro dyHamextTa., ff 
IIpeo6anaHve B cTpykType Cpeguero Kacnusa KpyMHbIxX. OTPHWLaTeJbHEIX ff 
9JIEMCHTOB TCKTOHHKH, HMeIOWLHX PasHbI BOSpacT POPpMHPOBaHHA HU 3alox*Ke- 
HHA, MOSBOJIAeCT CUHTATb eFrO «CYNepBNaLHHOM», KOTOPaA 3aJIO%KUMACbh OUeCHb PI 
WaBHo, elle B Mateosoe ((°) u Ap.). ‘ 


VUuctutyT reomorHu H pa3spa6oTKH ropiounxX HCKOMaeMbIx s Tloctynus0 
Axkayemuu HayK CCCP 19 VII 1960 
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Jloxrnangn AkagwemMun nayk CCCP 
1961. Tom 137, Ne 3 


rEOJIOTHA 


E. H. HEBECCKHH 
O NOCJEJIEQHHKOBOH TPAHCrPECCHH YEPHOrO MOPS 


(II pedcmasaeno axademuxom H. C. Ilamckum 13 VII 1960) 


IlocnenequukoBad 3T0xa XapakTepH30Baacb Aa UepHoro Mops pa3Bu- 
MeM 4YepHoMopckon Tpaucrpeccun (?,°). Mmerorca JaHHble, YTO Tem TpaHcrpec- 
HH, BHauasle BbICOKHH, BIMOCJeICTBHH 3aMelinca (7). 

Bo spema pa6ot Muctutyta oKeaHonornn AH CCCP ua Uepxuom mope 
-1955—1958 rr. Opin chenaHbI C MOMOMLbIO BHOpoNMopmuHeBOK TPyOKH paspesbl 
O/H NpHOpexKHBIX JOHHBIX OTJOMKeHHH, 3aseraiouleli Ha MOABOAHOM CKJIOHe 
0 riyOuHE! 40—50 m. MomHoctb BeKpbITOH Tom 4,5 M. 

XapakTepHOH OCOOeHHOCTLIO CTPOeCHHA TIpHOpexKHOH TOJMM ABJIAeTCH NpH- 
YICTBHe B Heli peHKTOB APeBHHX AKKYMYJIATMBHBIX Te, CYyULeCTBOBaBIUHX 
(pH Oonee HU3KHX YPOBHAX MOPA H MAPKHpyrloulUx coOo1o NoWowKeHHe ApeB- 
MX OeperoBbix JIMHHH. PemuKTb! COCTOAT U3 rpyOo3epHHCTHIX HaHOCOB, JIOKaJIH- 
OBAHHBIX OOBIMHO B MpOOIFOBaTbIX 30HAX HM MepeKPHITHIX MO3LHeEHWIHMH Ooviee 
(eIKOSCPHUCTbIMH ocayKamu. Muorga OHM BbIpaKeHb! B pesbede Ha B BUe 
OuIOrHX BasloB. UacTo co cropouHbr Gepera K peJIMKTAM IIPHMbIKaIOT JIMH3bI MOp- 
KHX HJM JlaryHHbIX HJIOB, OOpa3s0BaBLIHXCA B MpOWIIOM NOX 3alllHTOH cooT- 
eTCTBYIOMLMX AKKYMYJIATHBHBIX TeJI B 3€MKHYTbIX HJM MOJY3aMKHYTHIX aKBa- 
opHax. ImyOuHbI 3aeraHuaA pesIMKTOB KOeOOTCA. OJHakO OObINHO 9TO 35, 
3 u 10 M of coBpeMeHHoro ypoBHa Mops. Bowee A peBHHe peJMKTHI BCera 3a- 
eraroT Ha OOJIbUIMX TIyOHHaX HB OOJIbINeEM yJasleHHH OT Oepera, 4TO CBHJe- 
2JIbCTBYeT O HEMpepbIBHOCTH TpaHcrpeccHH, B XOMe KOTOPOH OHH BOSHHKJIN. 

Ha pue. | npuBezeHbl TPH THMMUHEIX paspesa NpHOpexKHbIX OTJIOXKeHHH. 

CrymeHuaToe M CTporo JIOKaIbHOe PaCMOMORKeHHe PeJIHKTOB, Ppa3eseHHbIX 
OpCKHMM OCaKaMH, CBHJeTeJIbCTByeT 06 HX TepHoHyeCcKOM OOpasoBaHHH H 
aXopoHeHHH. PeskocTb HasleraHHA HIMCTLIX TOPH30HTOB Ha rpyOosepHuctole 
eCOHH PeJIHKTOB FOBOPUT O ObICTPOTe HavaJIbHbIX (pas 3axopoHneHnnaA. Ilo-Bu- 
AMOMY, M€PpHOLMYHOCTh OOpas0BaHHA PeMKTOB Obila CBASAHA C NepHomuye- 
<HMH HapyWieHHAMH JMHAMMYeCKHX PaBHOBeCHH MpHOpexKHOM 3OHbI, ITO BeJIO 
OOHJIBHOMY MOCTYIVJIe€HHIO B ee Tipesesbl 3a CueT AaOpa3HH UM BHIOpocoB co AHA 
OOMJIbHBIX PbIXJIbIX MACC HaHOCOB H MocwJeLylouleH MHrpaluH UX C OOpa3so0Ba- 
H€M AKKYMYJATHBHBIX TedI. 

Takoe novlovKeHHe MOrsIO ObITb JOCTHTHYTO B pe3yJIbTaTe OpbicTpbIX H3Me- 
“HH OTHOCHTeIbHOFO YPOBHA MOps, 4TO ObIIO CBASAHO, B CBOIO O4epedb, 
#00 C JOKAJIbHbIMM’TeEKTOHHYeCKHMA MOJBHKKaMH B OTACIbHbIX palioHax, JIHOo 
TepHoM4ecKUMH YCKOpeHHsAMH B pasBHTHH OOMeH YepHOMOPCKOH TpaHcrpeccHuH. 
 Visyaenve OTHOCHTeASHOFO BO3PaCTa PeJIMKTOB AKKYMYJIATMBHBIX Ted, Ipo- 
enuoe B Ilaneoutouoru4eckom MHCTHTYTe AH CCCP ua ocHoBaHuu H3yyeHHa 
AYHDI MOJJIOCKOB (B CleKTpe KOTOPOM OT HOBOSBKCHHCKOM 9OXH AO coBpe- 
*HHOM BbILeeHO MAT PaSHOBO3PaCTHBIX KOMIICKCOB (°)), MokKa3as0, 4To BCe 
IHKTbI MOFyT ObITb paciipeseseHbI B BOSPaCTHOM OTHOUICHHH Ha YeThIpe rpyn- 
a: 1) HOBOSBKCHHCKHe, 2) paHHexpeBHesepHomopckue (OyrascKHe), 3) Mo3qHe- 
)eCBHEYEPHOMOPCKHe (KaslaMUTCKHe) HU 4) HoBOYepHOMopcKHe. Kanada rpynna 
WOUAeT CHHXPOHHble MO OOPa30BaHHIO PeJIMKTHI, IPH4eM B psxe cy4aeB OT- 
Olle [pyr OT Apyra Ha OoubIIOM paccTOAHHH M pacto/ararouMecsA B 30HAaX, 
JIM4HBIX MO HEOTEKTOHHYeCKHM MpoOABJIeHHAM B TowoweHe. B nmepHox cBoero 
icuBeTa Kaxklad rpynna Haxo_@usacb Ha YPOBHEe COOTBETCTBYIOMero ApeBHero 
eceiiHa. OHOBpeMeHHOCTb BO3HHKHOBeHHA Ha OOJIbINIMX MpocTpaHcTBax 
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[pesHux Oeperos UepHoro Mops KpyMHbIX FpyNM AKKYMYJIATHBHBIX Tel HM 4e- 
TEIPCXKPATHAA MOBTOPAeCMOCTh 9STOTO ABJeCHHA Ha MpoOTMKeHMN TocNeHUXx 
7—8 TbIC. JleT (4) YKa3bIBaeT HA TO, YTO OCHOBO! ABeHHA OBIT, 110-BAHMOMy, 
HepaBHOMepHbI TeMIl YepHOMOpCKOH TpaHcrpeccHu. 
_ PacmosoxwKeHve HbIHe HEKOTOPHIX OJHOBO3PAaCTHBIX PEJIMKTOB Ha Pa3HbIX Piy- 
OvHax (CUTad OT COBPeMeHHOFO YpOBHA MOpA) CBA3aHO C pasMYHeM HeoTeK- 
TOHHYECKUX NOLBM2KeK B GeperoBolt Nowoce. Tak, HampHMep, pasHuia B coBpe- 
MeHHOM 3aJ1leraHHH OHOBOSpaCcTHbIX peluKToB J{pepue6yrascKoli (puc. 1A, 
J B Kpyxouke) u J[pesnesppiiraycKoli (puc. 1B, 2 B KpyxxouKe) mepecpimelt, 
BOSHMKINUX OKOJIO 5 THIC. eT TOMY Ha3ajl, BLIS3BaHa Morpy2KeHHeM 3a yKa3aH- 
HbIli CpOK WeHTpabHoH sonbt KapKuuutTcKolt JempeccuH Ha 13M MO cpaB- 
HEHHIO C IeHTPaJIbHOM 4aCTbIO 1Ox%KHOrO Oepera TamaHcKoro MouyocTposa. 
_ Takum oOpa3om pasBuTve TpaHcrpeccHH GblvIo, OYeBHHO, He TOJIbKO Hempe- 
PLIBHbIM HM MOCTeMeHHO 3aTyXalollMM, HO HM HepaBHoMepHbim. Bce Bpems pas3- 
BUTHA TpaHcrpeccHH pacnafaeTcA Ha YeTHIpe sTala, KaxKAbI W3 KOTOPbIXx 
COCTOAJI M3 HaYaIbHOTO KOPOTKOrO MepHosla GpilcTporo Mosybema ypoBHA MopsA 
M nocelyloulero Oovlee JWIUTebHOrO NepHosa NocTeneHHOro 3aMejWIeHHA TemmMa 
Tpancrpeccuy, IlpoqomkuTesbHOCTb OLHOFO 3Tala, pacCuUHTaHHaA Ha OCHOBaHHH 
M3YUYCHHA MUKPOCJIOHCTOCTH HWVIMCTbIX JIHH3 C NpHBJeYeHHeM apxeolorHyecKHX 
M MHbIX aHHbIX (°), opesesnetcA mpHMepHo B 2000—2500 ser. B mepsom mpu- 
cath MOXKHO BbIJeHTb 9TAMbI: HOBOSBKCHHCKHIf (MaBHOCTb 9—6 ThIc. Jer), 
OyrasckHi (6—3,5 ThIC. seT), KaslamuTcKHH (3,5—1,3 TpIc. eT), HOBOYepHO- 
MopcKHit (1,3 THIC. JIeT BIWIOTh JO COBPeMeHHOH 9MOXH). 3a yKasaHHbili cpoK 
MPOHSOUlleJI OTHOCHTEIDHLIM MObeM YPOBHA Mops Ha 35—5O M. 
._ Ha puc. 2 u300paxkenbl KpHBble, OTParkKatollHe pa3sBuTHe TpaHcrpeccHH Ha 
yuacTKkax moOepexkbA, COOTBETCTBYIOULHX MpPHBeJeHHbIM BBIIMe Mpopusam. 
[lepHofbl 3amMeqvieHHA TpaHcrpeccHH H306paxKeHbl NOJIOrMMH OTpe3sKaMH KDpH- 
BOH, MepHoOfbl ycKOopeHHxA — KpyTbIMH. YTOJMICHHA COOTBETCTBYIOT 3I10XaM 
pacliBeTa AKKYMYJIATHBHbIX TeJl. NapakTepHa OJHOTHMHOCTh BCeX TPeX KpH- 
BbIX, YKa3bIBalOlUad Ha perHOHaJIbHYy!O OOULHOCTb SeperoBbix Mpoeccos, o6yc- 
JIOBJIMBAeMbIX Pa3BHTHeM TpaHcrpeccHH. BeptTukaIbHoe CMelleHHe KPHBbIX 
BLISBaHO Pa3/IMYHeM HeEOTEKTOHHYeCKHX MOABHXKEK B Tpex palionax. HekoTopoe 
BOSBbILMeHHE KPHBOH, NMOcTpoeHHOH ja paliona Ananbl, c nocuelyiouuM 
IOHH2KeCHHEM MOKA3bIBaeT, 4YTO B STOM PpalOHe HMeOTCA MOpdoorMyeckHe 
IPH3HakH, CBHJeTeIbCTBYIOINHeE O HeE3HAYHTEIbHBIX KOJICOAHHAX OTHOCHTEJIb- 
foro ypOBHA Mops B Te4yeHHe Tpex MoOcJeqHHX THICHYeNeTHH (§). 7 
HepaBuomepHblii Xo, TpaHcrpeccHH OKa3bIBaJl pelllatoulee BJIMAHHe Ha MOp- 
bosiorH4eckoe pa3sBHuTHe Oepera H BHISbIBAJI MepHOAM4eCKOe OMOIAKUBAHHE Oepe- 
“OBOH JIMHHM (yCJIO*wKHeHHe ee KOHTypa) B HauaJIbHbI NepHok Kaykoro sTana 
fpancrpeccHu Cc NOrpyXeHHeM NO ypOBeHb MOPA HEKOTOPHIX erpayMpoBaB- 
MX K STOMY BPpeCMeCHH AKKYMYJIATHBHBIX TeJI H MocJeqyrouee MOCTeMeHHOe CTa- 
peHHe Oepera (CNpAMJIeHHe KOHTYpa), COMpoBoxKMaBuleecA BHAYaIe MOp@oJIo- 
“HUCCKHM paCIBeTOM HOBbIX TeHepallHH AKKYMYJIATMBHBIX (OPM, a B jlaJIb- 
{eilleM, M10 Mepe ocnaGmeHHuA aOpasHu — MX YacTHMUHOH Werpaganuen. JLerpa- 
HpOBaBllve AKKYMYJIATHBHBIe Tela B pAe ClyyaeB NOrpyXaUCb MO yPpOBeHb 
JOpa BO BpeMA HayabHOrO NepHosa (MepHok ycKopeHua) cweLyloukero sTama 
fpaucrpeccuu. Taxol. mpomecc oOycJioBHJI MHOroasoBOCTb pa3BUTHA psa 


uc. 1. TunmuHble paspesbl mpHOpexkubix oTsoxKenuit UepHoro mops. A — AnamcKuit pation, 
5 — paiion Kanamurckoro 3aiupa, B — paiion KapkHHuTcKoro 3a1MBa. a — MleCOK, 6 — raJIb- 
<M HW rpaBHi, 6 — paKOBHHHbIii JeTpuT, 2 — pakyllla, 0 — HJ MOpCKOH, e€ — HI MOpCKOoii mec- 
JAHHCTHIA, 9 — JI JaryHHblit, 3 — WI JlaryHHbili aleBpHTOBbIi, “ — JIMTHPHLHpOBAaHHbie IpH- 
PEXKHbIe OTMOMKeHHA, K — PIMHHCTHIe NOpOAbl, A— WI JaryHHblit WeCwaHHCTHIIM. Iludpst B Kpy- 
KouKax — pemuxKTet: / — J[pesueOyrascKkoli mepecninu, 2 — J[peBHesapbiiraucKol mepecninn, 
3 — J[pepuetapxanKytcKoli mepeciinu, 4 — J[pesneanancKol nepecpinu, 5 — BuemHei Epna- 
‘OpHiickoli KocbI, 6 — BHyTpeHHeit Esnaropulickoii mepecbinu, 7 — Apesuelt BakabcKoli Kochi, 
$-——mpepHei Uepiomckoi nepecpimu. / — cBofHbiit CXemaTHueCKHH paspes TpaHcrpeccHBHoH 
epHH MpHOpexKHBIX JOHHBIX OTOXKeHH, XapakTepHblii WIA KpynHbIxX 3aMBoB YepHoro mops. 
_— PeJHKTbI APeCBHHX AKKYMYJIATHBHBIX Tel, CJIOXCHHbIC PHIXJIbIMH OTJOXKeHHAMH; 2 — Mop- 
\ ; ckHe HJIbl, 3 — JlaryHHble WIbl; 4— KOpeHHoe JlO%Ke 
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aKKYMY JIATHHBIX (OPM H MpUBed K OOPasOBaHHiO YeTHIPeX yNOMAHYTBIX KPYI-§ 
HbIX PPYMIl OLHOBOSPaCTHBIX PeJIMKTOB. 

HepapHomepHoe Mopdouioruueckoe pasBuTHe Oeperos UepHoro Mops BBISbI-§ 
BaJlO COOTBETCTBYIOUee PasBUTHe TpaHcrpeccHBHOM cepHu MpHOpexHBIx alu, | 
OOpasoBbIBalOulUXCA Ha TMOABOAHOM OeperOBOM CKJIOHE, XapakTepHbim MpH-§ 
3HaKOM TOJIILH ABJISeTCA MHOFOApycHoe ee CTpoeHHe C MOMepeMeHHOH CMCHOM) 


Tpaxcep, nch 
Tpancepeccun ach PORCEP NN Bpema om 
0 cobpem, 3no0ru 
+ 10mvic.n. 9 Ba COBDEM. ypobens| 
Mopa 
; ie 
~10 pe! : 
OF 
5-20 art om 
S 
= 
S 
& 
> 
8 
30 
XQ 
Peepeccun kP 
—_————_———— 
~40 Sip 
=) 22% 
me ae CRauRE { h { t ey Be t ; 
(ycxopenur) HoBosdxcunckuu byeascnud Kayanumernud —Hobovepromopexud 
mpancepectuu 


Puc. 2. [pack pa3BHTHA YepHOMOpCKOl TpaHcrpeccHH JIA OTICbHEIX paliOHOB moGepexkbsA:| 
{ — yaa paiiona Anansi (yTOuUeHHAMH OTMeYeHbI SMOXH pOcTa aKKyMYJIATHBHBIX Tes), 2 — 
TO %Ke Wid pationa KalamutcKoro 3aHBa, 3 — TO %Ke WIA paliona KapKHHATCKOrO 3aMBa. | 
Ay — BeJIMUHHa HeOTeKTOHHYeCKOrO MorpyxKeHusxn J[pepuHeTapXaHKyTCKOH MepecbINH MO CpaBHe- 
HHO C pemHkToM J[peBHeaHanckolt Mepecbimu 3a 7 TbIC, eT; Mg — TO Ke MPHMeHHTeIbHO K pe- 
JJHKTaM J[pepHespbiirauckolt MepecbinH, BHemHeli EsnatopulickoH Koch 4 J[pesne6yrascKon 
mepecbinw 3a 4 THIC. JIeT. TOHKOM WiaBHOH JMHHel OG6o3HayeH (no B. IJ. 3eHkospnuy) oun 
xapakTep pa3BHTHs NocseseqHHKOBOH TpaHcrpeccHH UepHoro Mops C TeHyeHUMeH K 3aMe]JIeHHIO 


JuMHeliHOro pacnosioxeHua cau (B mane) o¥aroBbIM HM, HaoOopor, c MocTe- 
M€HHbIM CMeULeEHHeM OMHOTHMHBIX (alu B cTOpoHy GOepera. Takaa ctpyktTypa 
o6ycuIoBJIeHa HepaBHOMepHOCTbIO TpaHcrpeccHH, BbISbIBAaBLUeH NepwowMyecKoe} 
OMOJIaxKMBaHHe HM cTapeHve Oepera. BropbIM xXapaKTepHbIM IIPH3HAaKOM ABJIA-| 
eTCH MHOFOKpaTHad MOBTOPAeCMOCTb MeC4aHLIX (PeJIMKTbI) H MHBIX JIOKAJIbHBIX| 
PeOQJOFHUeCKHX TeJI B TOILE MpHOPeKHHIX OTOKeHHU, CBAZAHHAA C MHOFopa3so- 
BOCTbIO Pa3BUTHA J peBHUX AKKYMYJIATHBHBIX COpM. OcoOeHHO OTYeTIHBO 9TO 


IIpOABIAeTCA B JOHHBIX OTJOXKeCHHAX KPYNHbIX 3aMBOB (puc. I/). 
VWuctutyT okeancsoruu Tlocrynusio 
Axayemuu HuayK CCCP 17 VI 1960 

WMTHPOBAHHAA JIMTEPATYPA 
LA... Apxanreapexui, H.M.Ctpaxos, Teonornueckoe crpoeHve 4) 

HcTOpHA pasBuTHa Uepnoro mops, May. AH CCCP, 1938. 2B... 3euxosuu4, JAH, 

63, Ne 2 (1948). 3M. B. Mypatos, Broan. MOMN, org. reom., 26 (1) (1951). * E. He 

Hepecckwh, JIAH, 112, Ne 3 (1957)..,° J. A Hepecekaa, JAN. 121 aa 

(1958). *E. H. Hewecc xu, Tp. Muer., oxeanon. AH, CCCP, 28 (1953) y tee 

Hukoaaes, Eoselimasa textrouuka CCCP, 1949. 8 II. B. ®enopos, JAH, 124, 

Ne 5 (1959). 


670 


HTornzagn Anagemun nayr CCCP 
1961. Tom 137, Ne 3 


rEOJIO‘H A 


MW. C. CTAPOBUHEL 


O HAJIMUHMH HE®TH B ME3030HCKUX OTJIOQKEHUAX 
3ANANHOHW TYPKMEHHH 


(IT pedcmae reno axademuxom A. A. Tpodumyxom 25 XI 1960) 


_ Kak u3pectuo, B SanaqHol TypkmMeHHu HepTeHOCHBIMH ABJIAIOTCH OTJ02Ke- 
HHA KPACHOUBeTHOM TOMI, a TaKxKe AKYALLIIbCKOFO HM AaMMepOHCKOrO ApycoB 
mivoneHa. Bompoc 0 HaIH4YHH HeTH B Me3O30HCKHX OTJOKEHHAX OCTAeTCA OT- 
KPbITLIM. B cBaA3H C STHM MHTepec MpekcTaBJAIOT \aHHble O HerAx rpASeBbIX ByJI- 
KaHoB m-o. UeseKen. 

PacnosloKeHHble 3eCb [Ba PpA3eCBYJIKAHHYeECKHX O3epa HAXOMATCA B Npese- 
MaX OTCIbHbIX He/TeHOCHBIX y4acTKoB: 03. Sanaguniii [lopcyrenb — B WeHTpe 
deTeHocHoH Mulowaqny Sanayupit Uenexen, 03. Posospii Ilopcyremb — Ha 
yaactKe JLaray>KHK, B IleHTPaJIbHOH 4aCTH NoJyocTpoBa cKNaqKH. Mexay o6on- 
MH OSepaMH pacnovJlIowKeH HCKoMAaeMbIii TpA3eBoH BysIKaH Awurys, B palioHe Ko- 
TOporo TakxKe OTKPbITa IIpOMbIlIeHHad HedTb. 

M3 ony6HuKoBaHHbIX padoT cuemyerT (*), uTO Ha UeneKeHe B MpOAyKTHBHbIX 
STJIOMKCHHAX KPACHOUBeTHOH TOVIMLM HMeeTCA Ba THMa HedTeH: HadTeHoBas CJla- 
Sonapadunosan Heth JlaramKuKcKoro yyacTKa HM BbICOKOMapapuHoBad Cc Mmpe- 
2OaaHveM M€TAHOBbIX yrvieBosoposqoB HepTb Ganaynoro Uenekena. Herp 
yuactka Amurya, No HavOoulee BaxKHbIM NOKAa3saTeJIAM, MpakTH4YeCKH He OTVIH- | 
qaeTca OT HepTH Sanaguoro Ueuexena ('). 

Ha noBepXHOcCTH BOJbI yKa3aHHbIX O38ep BMeCTe C YIVJIeEBOMOPOAHbIM ra30M 
BbINeMAIOTCA IICHKM HepTH. Cpeyu BEI6pocos rpx3eBoro BysIKaHa AyuryJ HMe- 
OTCA M3BeCTHAKH Me3030CKOrO BO3pacTa (HWKHHH MeJl — BepXHAA 1opa). 
KaBePHbI H MYCTOTbI KOTOPLIX 3aN0JHEHbI OATYMHMHO3HBIM BeleCcTBOM. 

Hamu Oni coOpanbl HepTH H3 OOOMX O8ep H H3BuIe4eH OHTYM H3 ykKasaH- 
HbIX H3BecTHAKOB. | los yueHHble MpOLYKTHI Obl NOLBeEprHyTbl HCCJIeOBaHHI0 C TOL 
HOJHOTOH, Ha KOTOPYy!IO NMO3BOJIAJIO HMeBLIeeCH KOJHYeCTBO BellecTBa. BplJ0 
YCTaHOBJIeHO CofepxKaHHe acdaslbTOBO-CMOJIMCTHIX BeulecTB (10 Mapxyccony), 
TBepfloro mapaduna, cepbl H HeKOTOpble Apyrue noKkasatTemu. Kpome Toro, 
JIA YP AeBOLOPOAHON VacTH ONpeMeAJICA KOMbILEBOH COCTaB 110 MeToAy nN—d—M(’). 
Tua CpaBHeHHA Mo TOH 2%Ke MeTOAMKe B HCHTHYHbIX YCJIOBHAX ObIIM H3y4eHbI 
HepTH TrulyOOKHX CKBaxKMH COOTBETCTBYIOUIMX Y4AaCTKOB. 

B cBa3v c TeM, TO y HedpTeli ecTecTBeHHbIX HCTOYHHKOB (FpASeBbIX BYJIKa- 
HOB) H3-3a YCJIOBHH oTOopa H OOe3BOXKUBAHHA JerKHe (pak MpakTHyecKH 
PepANHCh, pH cpaBHeHHH Here yKa3aHHble (pakWMW He YYATbIBAJIHCb. 

PesyJbTaTbl MpOBeeHHbIX HCCeAOBAHHH aH B TAO. 1, M3 KOTOpOH BBITe- 
KaeT cJleyroulee: 

1. Herp o3. Sanagupit Ilopcyrenb Huyero oOujero He MMeeT C_ BBICOKO- 
HapapvHOBLIMH HH3KOMMKJIMYHbIMH HeEPTAMH OTJIOMRKeCHMM KPACHOMBeTHOH TOUI- 
JIM MpoOMsICOBOH Nviomaqu Sanaqupli UeneKken, B WeHTpe KOTOpOM HaxouTcA 
ogsepo. Ona UCKMIOUNTebHO OoraTa WHKJIMYeCKMMH yrseBOMoposqamu, cojlep- 
KUT MOBbIMeHHOe KOJHUECTBO AC(PaIbTO-CMOJIMCTHIX BeMLeCTB MH Cepbl (CM. TaOuT. 1). 
Teepabiit mapadpuy B STAX HeEPTAX MpakTHYeCKH OTCYTCTBYeT, Ha YTO YKasbIBaIH 
ame B 30-x romax A. VW. Kocpirun u C. H. Tasaosa (°). 

2. BurTym, w3BuleyeHHbI H3 Me3030HCKOro M3sBeCcTHAKA yuacTKa Aauryu, 
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Tadamuna 1 
ConocraBleHHe Hedprei PpxASeBbIX BY JIKaHOB HM He@TeHOCHbIx yuacTKOB TI-O, Uenekeu 


@Musuyeckne noKa- 


5 c Conepmanue, % 3aTeNH MaCIAHOH KozpieBott cocTaB 
9 & Ha HedTb paxunu MacJISHOH dpakuHH 
0 |— —— 
= nN )4 = 3 ws 
Hs) 4 o ie] ios 3) 
a K ja les|.| 3 0 2 1®@leixixic le le 
aes ® |s 3| o 3 n d 2 
os \O ;sm|2M] = = = 
1S) 
Hedtb #3 03. Posopnit 
Nlopeyremb 0,993 |0,69] 6,3/28,7/65,0} Cnempi] 1,5200 | 0,9385 | 307/3,04/0,88)2,16/23,3)39, 9136,8 
Herp u3 038. Samay- 
ub Tlopcyrenb 0,969 |0,58! 4,3/23,5]/72,2) Caenpt| 1,5138 | 0,9284 | 327)2,97/0,83)2,14/19,8138, 7/41,5 
ButyM, usBneveHHbiit 
M3 MesOosOHCKOroO H3- 
BecTHAKa Ha AJMry- 
ane** 0,965 |0,45) 41,8 |58,2) Caegni) 1,4992 | 0,9048 | 865}2,77|0,63)2,14|13,7|36,0/50,3 
Hedtp u3 KpacHoupert- 
HbIX OTMOKeHHH JLa- 


rayKUKCKOrO yuacT- 
Ka (c6opHas) 0,882 {0,30} 0,5)16,7|82,8) 0,8 41,4896 | 0,8841 | 321/2,42/0,48)1,64:13,4/34,1/55,5 
Hegtb u3 Kpacuorpert- | 
HbIX OTMOMeHHH 3a- 


naytHoro YUenexke- 
Ha*** 0,840 (0,25) 0,2} 7,0/92,8} 9,5 41,4783 | 0,8654 | 282/1,82/0,33)1,49} 9,0/34,9)/56,f 
Lg Ko Ky Ky — cpemqnee cofepxanHe WHKJOB Ha MONeKYJIy (COOTBETCTBeEHHO OOWIUX, aPOMaTH 


YeCKHX H HadbTeHOBbIXx); C. Cie Cc. — pacnpeyeneHue yruepoya B MpoleHTax, COOTBeETCTBCEHHO, MeK,Y 


apOMATHYeCCKHMH CTPyKTypaMH, HadTeCHOBLIMH CTPYKTYPaMH, MeTAHOBLIMH yrJIeBOAOpOAaMH H OOKOBLIME! 
WenAMH WUKJIHYeCCKHX 
** Conepmanue OuTyMa Ha nNopogy 0,78 %. 
** DusnyueckHe NOKa3aTeH H KOJbIeBOL cocTaB MacaaHOM mpakuHH SanagHoro Uenexena — nocue 
wenapamuynsatun, 


IipeAcTaBJIAeT COGOH MO CBOHM CBOHCTBAaM HAaCTOALLY!0 He*Thb, MOJHOCTbIO SKCTPa-f 
rupyemy!o 43 o6pasila mMoposbl opraHuyeckumu pacTBopuTeAMU. Ilo mokasa- 
TEAM YIJIeBOLOpOAHOrO cocTaBa (cosepxKaHHe TBEPALIX yFJeBOLOPOMOB, KOJIb-F 
WeBOH COCTaB MaCJAHOH (paKILHH) HcCIeoOBaHHOe OMTYMHHOSHOe BelllecTBO} 
IIpakTHueCKH He OTHYaeTCA OT Hern 03. Sanazup Tlopcyremb (cm. Tan. 1),f 
YTO MOXKET ABIATbCA JOKA3aTeIbCTBOM HaJIM4YHA EMMHOFO HCTOUHHKA NATAHHA | 
3. YraeBosopoquHan uactb HedTu o3. Pososnii Ilopcyretb oKasalach He-} 
CKOJIbKO Ooulee GoraToH apoMaTHYeCKHMH yIvieBOLOposaMH M0 CpaBHeHHIO Cf 
HepTb10 03. Sanaqupi Topcyremb, ofHako, Kak BHHO u3 TAO. 1, 9TO No Cy} 
UleCTBY TOT Ke THI Hern. 
Bce paccmorpeHHble HedbTH cosepxKaT B cpefHem Ha 40% Oovsbule Kove Hal 
MOJI€KYJIy MO CpaBHeHUHI0 axKe C CAMbIMHM BLICOKOMMKJIMYHBIMK He@TAMM KpacHo 
uBeTHOH TommH Uenekena (Jaraxukckuii yyacTok, cm. Ta6n. 1). Ene Oouputee} 
pa3iH4ne HaOsmOfaeTcA Mp cpaBHeHHH HX Cc HebTamu SanayHoro UeneKena 
(KOJIbILeEBOH COCTaB MaCJIAHOH PpakWUHH STOH HedTH MpwBeseH Mocse Aemapa-} 
(pUHUsAILMH, (aKTHYeCKH cCpefHee cofepmKaHve WHKIOB Ha MOVIeKyJy OyzerT eile 
MeHbIIHMM). 
Takum o6pasom, Heri rpsa3eBbIX ByIKaHOB UenekeHa CXOHbI Mexy coOo 
HW 110 CyllecTBy OOpasyioT elle OM, TpeTHi, Tun HedTreli Ha UenekeHe, TUN Had- 
TeHOBO-apoMaTHY¥ecKHH, C OOJIbIIMM  cCofepxkaHHeM  aCc(baJIbTO-CMOJIHCTHI 
BellecTB. B To xe BpeMA OHH pe3KO OTMMYAIOTCA OT He*bTeH KpaCHOLBeTHbI 
OTJIOMKe HHH. | 
Ha Uesekene wMeeT MecTo TakxKe pa3HooOpa3ve B CBOMCTBaX MOA3EMHBI | 
BO]. Secb pacipocTpaHeHb! ABa THMa MOL3eMHbIX BOL—TrupoKkapOonaTHOHaTpHe 
BbIi WM XJOpKaJbuHeBpiit (4). ; ¥ | 
K nepBomy THMy OTHOCATCA BOMbI PpASeBbIX ByJIKAHOB (o3epa Pososbili Hu Sat 
nagqupii IlopcyremM) WM HeKOTOPbIX CKBaxKMH B HHYKHEM YaCTH NpOLyKTHBHOrG, 
paspe3a, KO BTOPOMy — BOJbI OCTAJIbHbIX CKBax%KUH. XAPaKTePHO, YTO BO BCeX 
TOPH3OHTAaX YTHpoKapOoOHaTHOHATpHeBLIe BOLI 3aHHMAIOT HeOOJIbUy!IO 3OHY 
BOKPyl [PpA3eBbIX BYJIKAHOB, UTO ABJIACTCA OKASATEIbCTBOM BJIMAHUA MOCcJel4 
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HUX Ha CocTaB Nox3eMHbIX Bo Uenekena. KpacHouBerHoii xe Tove, 10 TaHHbIM 
B. B. Cemenosuya (4), npucynn XJIOPK@JIbILHEBbIE BODHI. 

_ Bawsoctb cBolicTB 6HTyMa, H3BJIEYeHHOrO M3 Me3O30/ICKOFO H3BeCTHAKA, C 
HepTamu osep Posoppiii vw Sanaqupi Topcyreau u oTmM4us cBoiicrs Hedreli 4 BOL 
YKa3aHHbIX O3e€P HM SKCIMyaTaWMOHHbIX MWWiollaqeH ABJIAIOTCA ABHBIM oKasa- 
TeJIbCTBOM TOPO, YTO HCTOUHHKOM MMTAHUA JIA PMIONOB rpA3eBbIX BYJIKAaHOB 
UenekeHa He MoxeT ObITh KpacHouBeTHas Touma. B To Ke BpeMs STH LanHbIe 
NOKasbiBalOT, TO TAKUM MCTOUHHKOM MHTAHHA ABAMIOTCA Me3030licKHe OTVIO- 


2KEHUA. 
q B pesyuIbTaTe TIpOBeJeHHBIX HCCJIeLOBaHHi BHepBbIe BbI-eeHa u H3yyeHa 


HepTh H3 Me3O30HCKHX OTMOKeHMH Sanaquoi Typkmenuu (Bpi6pocni rpsase- 


Boro ByJiKaHa Ayury.). TlonyyeHuble pe3yibTaTbI ABIIAIOTCH MpAMbIM JOKa- 
SATCJIbCTBOM HaJM4HA HebTH B STHX OTVJIOMKeHHAX, 


\ 


‘ MucrutyTt reoornH uw paspa6orkKH Tlocrynuio 
_  HedTAHBIX H rasOBbIX MecTOpox*KJeHHit 3 V 1960 
: Axkajemuu HayK Y3CCP 

UAMTHPOBAHHAH JINTEPATYPA 

y 

2 


1H. 'C. Crapo6Ouueun, Tp. Typxm. gun. BHUM, s. 1, Amxa6an, 1957, crp. 7. 

K. Bau-Hec, X. Bau-BectTen, CoctaB maciAHEIX paki Hed*TH H HX aHaJH3, 

wl, bvomee A.V Kocuruu, C. H. Tlasaosa, Her. xos., Ne 10, 29 (1932). 
; B. B. Cemenosuy, Hes. AH TypxnCCP, N5, 31 (1957). 
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Jlokxnann Akaqemun wayk CCGer 
1961. Tom 137, Ne 3 


TEOJIOTHA 


lO. ®. HEMEKOB 


HEOTEKTOHHKA TIPHAMYPbs” WM CME)KHbIX TEPPHTOPHH 
(JAJIBHHM BOCTOK CCCP) 


(IIpedcmasaeno axademuxom H. II. Tepacumosoim 5 X 1960) 


IIpousBeqeHHble HaMH 3a MocweqHwe Fobl reosoro-reomoposoruyeckue Ff 
UCCIG@LOBAHHA, a TaKKe MATePHaJIbI TeOJOrMYeCKHX CbeMOK UH TeopusHyecKkux 
paOoT, BbIMOJIHCHHBIX Pa3JIM4HbIMH TeO/JIOrHYeCKHMHM OPraHH3allHAMU, 03BO-§ 
JIMJIM COCTABUTh CXe€MaTHYeCKYIO KapTy HeoTeKTOHHKH IIpHamypbaA HM CMe*KHBIX 
TeppHTopHh. 

Ilo HeoTeKTOHHKOM Mbl NOHHMaeM JBHKCHHA (H CO3qaHHble HMM CopMpbI 
pesbetba HW TeouorHueckHe CTPyKTYpbl), MpOMCXOAMBUIMe B HeOreH-YeTBeEpTHY- | 
Hoe BpeMA B Bue ELMHOFO CJIOMKHOFO HeMpepbIBHOFO reoTeKTOHHMYeCKOrO IIpo- § 
iecca, CKJa{bIBalOllerocaA H3 IBOJNOMMOHHbIX H PeBOJIOMMOHHBIX (a3 HU BKJIIO- 
yalolero KOJeOaTeJIbHbIe JBYXKeHHA, CKJaqdaTble WH paspviBHble JHCIOKalMy, 
OTPa3HBINHeCA KaK B 3€MHOH Kope, TaK H Ha MOBeEPXHOCTH JIMTOCephl B ee pebe- F 
tbe. Hauano HeoreKTOHHYeCKOrO 3TaMa KOeOMeTCA OT BEPXHero ONMToWeHa (LA 
Amypo-3elickoi 3muMe3030iCcKoH mlaTpopMbl) Ao MHoleHa (B page Apyrux 
paltionos J,ambHero Bocrtoka). 

Ha cxeme (pune. 1) H301MHHAMM T10Ka3aH CYMMAapHbIH 9ppekT HeOTeKTOHH- 
YeCKHX NOAHATHH WIM OMyCKaHHH (MO OTHOMIeCHHIO K COBPpeMeHHOMY YPOBHIO | 
MOP) HM palioHbI AKKYMYJAWMH pbIXJOoro NoKpoBa. CyMMapHble NOLHATHA UH 
ONyCKaHHA OMpelerAIHCbh WYTCM aHaJIH3a AOCOJIIOTHBIX BbICOT PeJIHKTOB MaJleo- 
PeHOBLIX, MHOMe€HOBbIX H MJIMOWeHOBbIX MOBePXHOCTeH AeHyaWHOHHOrO BbIpaB- f 
HHBaHHA HW MOWLHOCTeH KAaHHO3OHCKHX OCAaJKOB. 

Han6oulee oTueTIMBoe BEIPaxKeHHe HeOTCKTOHHKaA HaXOJHT B CO3aHHbIX } 
el IYTeM MvlacTHYecKUX H Pa3PbIBHBIX JMCMOKallMit HeOTeKTOHMYeCKUX dopMax | 
(CTpyKTypax) NoBepXHocTH JIHTOCHepbl, B pa3JIMYHOM cCTeMeHH H3MeHEHHBIX 
9K30PeCHHBIMH areHTaMH, KOTOPble Mbl H paCCMOTPHM H¥Ke, MCKJIOUHB YHCTO | 
S9PO3HOHHbIe (opMBl. 

B npegesax IIpuamypba pa3uuariotca: 1) paHoub c TeHeHIMeH K Mporpec- F 
CHPYIOULeMy MOAHATHIO pa3/IHM4HOH HHTeCHCHBHOCTH (ropHble OOacTH); 2) palio- 
HbI, HCIbITaBIUIHe MpeHMYILeCTBeEHHO NorpyKeHHe (Kpymuble Jempeccuy); 3) paio- 
HbI, C1a60 HEOTEKTOHHYCCKH AKTHBHLIE (MaTPOPMBI, 3OHbI, MepeXOMHbIe OT Kpyli= 
HBIX JeMpeccHi K TOPHbIM OGIaCTAM C WIHPOKHM pasBHTHeM MOBepXHOCTeH JeHy- | 
alwHOHHOrO BbIPaBHHBaHHA). 

K TeppHTOpHsAM C IWIaTPOPpMeHHbIM pe?XKHMOM HeOTEKTOHHYeCKHX ABH XKeHHU 
OTHOCATCH: 1oro-BocTOuHAaA YacTb AjaHckoro wyuTa (cm. puc. 1, A/) uw Amypo- 
Selickan 9mMMesosolickaa muatdpopma (5/). Jia HUX THMMYHbI WIMpoKoe pa3- 
BUTHeE MOBepXHOCTeH JeHYyAalMOHHOrO BbIPAaBHHBaHHA, MaJlad MOLLHOCTb HM Fo- 
PH3OHTaIbHOe 3aJleraHve pbIXJioro NoKpoBa. B mpesemax nepBoro paliona 
apxelickHH KpHCcTaJIMueCKHH PyHaMeHT OOHAKeH UM JIMLIb Me€CTAMH MIpHKpbIT 
YeXJIOM TaJleO3OUCKHX WH Me3030HCKHX OCAOYHbIX MOPOL HU MaJIOMOULHbIM Mmpe- 
PbIBHCTbIM MOKPOBOM PbIXJIbIX YeTBEPTHYHBIX OCaKoB. PasBuTHle 34eCb NOBepX- 
HOCTH J\eHylalMOHHOrO BbIPaBHHBaHHA MMeIOT BepXHeMeJIOBOH HU TPeTHUHEIL 
Bospact. HeorekToHuyeckHe jIBHXKeHHA MOABMIHCb B MporpeccHpyrouleM 
NOKHATHM TeppuTopuu. Pacnowox*KeHHble M0 1OXKHOK OKPaHHe WLUTa Me3030HCKHe 
IpOrvOpl B HeOreH-YeTBepTHUHOe BPeMA ObWIH BOBJICYeHI B Ipolecc MOAHATHA, 
XOTA H COXpaHHJIMCb B pebede Kak ClaOble JenpeccMoHHbIe norpyxenua. Ilo 
1OXKHOH OKPalHe WIHTa NpOXOAUT CepHA OOHOBJICHHLIX KPYIHBIX Pa3PbIBOB, OT- 
JeIAIOULHX €€ OT 1OXKHEe PacNOJIOKeHHOM 3OHbI JIMHEHHO BbITAHYTbIX HEOTEKTO- 
unyeckux copm xp. Craxoporo—J>xyryxypa. 
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Puc. 1. CxemaTHueckas Kapta HeoTeKTOHHKH [IpHamypbsA HW CMe@XKHbIX TeppHTopuit. Palonbi mpe- 
AMYyUeCTBEHHBIX NOJHATHH: / —pavioHbl pa3BHTHA ropHoro pedbeda. PatoHbl mpeHMyleCTBeH- 
HbIX MOrpyKeHWH HM AKKYMYJIAUMH PbIXJIBIX OTJOMKeHHH (Ha MaTepHKe — KOHTHMHEHTAJIbHBIX, 
Ha o. CaxallMHe — MOpCKHX, MepecaMBaloulHXCA C KOHTHHeHTaJIbHbIMH): 2 — HeOreHOoBO-ueT- 
BEPTHUHEIX, 9 — YeTBEPTHYHLIX. PaloHbl pasBHTHA THMOB pelbeda, POPMHPYIOUIAXCHA B Cabo 
AKTHBHBIX HEOTeKTOHH4eCKHX yCJIOBHaAX: 4 — peJIMKTHI MOBepXHOCTeH JeHyLaWuHOHHOFO BbIpaB- 
HHBaHHA Ha aOcomOTHOH BEICoTe 800—2000 m, 5 — To xe Ha 500—800 m (Pg — Nj), 6 — To xe 
aa 300—500 m (Pg — Ni), 7 — To xe Jo 300 mM (N — Qi), 8 — To Ke, YaCTHYHO MepepaboTaH- 
ABIX. aOpasHeli Ha O—300 m, 9 — noBepxHocTb aOpa3HOHHOrTO BbIpaBHuBaHia Ha O—200 mM, 
10 — menKoconounuk. 1/ — M30JIHHHM CyMMapHOro NOAHATHA HIM MOrpy2KeHHA 3a HEOTeEKTO- 
qHueCKHH 9TAaN; WHpbl yKasbIBaloT COTHH MeTpOB MOAHATHA (+) HH norpyxeHHA (—); Gepr- 
MITPUXH HaNpaBJeHb! B CTOPOHY MaleHHsat MOBepXHOCTeli HEOTeKTOHMYeCKHX (popM; /2 —rpaHHupl 
ACOTEKTOHMYECKHX OOACTeH H HHAeKCbI MOCeqHHX (OObACHeHHe B TeKCTe); 13 — KpyMHble pas- 
TOMEI, CO3,aHHBbIe HIM OXKHBJICHHbIe B HEOTeEKTOHHYeCKOM 9aTame; /4— HeOreHOBO-YeTBeEpTHUHBIe 
ByKaHbl; 15 — pavionbl pacmpocTpaveHua BepXHellaJleOreHOBO-HH2KHeYeTBeEPTHYHBIX Oa3aJib- 
TOB, aHfle3HTO-Oa3aIbTOB, aHe3HTOB H UX Tydos; /6 — TO xe IVIHMOMeCHOBO-4eTBepTHIHbIX 
SasaibTOB HM aHfesHTo-GasabToB; /7 — mpemmouaraemblli (leKcypHbiit H3rHO MaTepHKOBOrO 
exiona. Jlenpeccuu u pnaqunp: TK — Toxuucxas, B3J] — Bepxue-Selickaa, VJJ — Yycxas, 
A3/JI — Amypo-3elicxan, BJ] — Bypeuncxana, CA/JJ — Cpegue-Amypcxas, bH — Buxun- 
I ckad. AnTeKiu3bi: OK — OxtTadppcKas. Cunekiusbi: B51 — Benoropcxas 


| Amypo-Selickad 9mume3030lickaad maTpopMa B CeBepHOM, CeBepO-BOCTOUHOI 
M@ BOCTOUHOM YacTAX OOpa30BaHa MOBepXHOCTHIO AeHYalMOHHOFO BbIPaBHUBa- 
HUA C KaOJIMHOBbIMA KOpaMu BHIBeTpuBanua (°). Ha tor u wro-3anay ona norpy- 
KAeTCH OJ, BePXHeOJHFOMeHOBO-HHKHEYETBEPTHYHHIe WeCKH 3eHCKOH CepHH, 
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Mex 3)leCcb, MO-BHAHMOMY, NaweoreHOBbId Bo3spacT. HanOoubuleH MOLHOCTH 
(1500 m) ppixuible ocaqKH JOCTHTaioT B YOXKHOK YACTH, Te HH3bI HX HMEIOT Ma-§ 
ACTPHXCKO-C€HOHCKHH BO3pacT, 3aJlerad Ha BepXHeMeJIOBOH KOpe BbIBETPHBa-§ 
Hua (°). B HeoreHe B 10X%KHOH 4YacTH Hakonuacbh 180-meTpoBaa Toa TeCKOB 
3eHCKOH CepHH, 3aleraloulMX TOPH30HTaJIbHO HJIM co ca6biIM MpornOaHvem. 
TlocuieHw*KHeYeTBEPTHUHbIN 9TAIl XapaKTepH3OBaJICA CaObIMH BOCXOASALIMMU 
JBYKeHHSAMH. HeoreKTOHHYeCcKHe CTPyKTypbl OOacTH ONM3KH K ca6o BbIpa- 
*KCHHbIM CHHEKJIH3e (1O*KHAA UacTb) H AHTeKJIH3e (paioH mp. OKTAOppcKoro).§ 
asa Tokyrgxypo-Cranopoit x Moxnromo-Oxotckoi (6) u CuxorTs-AmnucKkon§ 
(7) cKkaaquaTpix oOslacTeli THMHYHbI JIHHEHHO BbLITAHYTbIe HEOTeEKTOHHYeCKHe| 
(popMbl NOBepXHOCTH MMHTOCHepbI OObIYHO yHAaCyIeOBaHHOTO TpocTupaHua. | 
B 30He Npoteposolickoro ckslaquatoro o6pamueHua AsmpfaHckoro wlHTa 
(xp. Cranopoi—J x yryxKyp) STH CPOpMbI NpelcTaBJIeHb! ACHMMeCTPHUHBIMY TOf- 
HATHAMH C YHaCJIeOBaHHbIM TipocTHpaHuem (c ammauTyqon 1,5—2 Km), Bo3-§ 
MOXKHO CBOLOBOrO XapakTepa, KPyTble KPblJIbA KOTOPbIX OOOPBAHbI WIM OCJIOK- 
HeHbI KPYyMHbIMH COpocaMH. 
Sona Bepxue-3elickoi u Yyckoh Menpeccui (B//) xapaxtepusyetca mpeob-§ 
JajaHuem onyckaHul., leppaa mpelcTaBiaeT aCHMMeTPHUHbIN NporHo, 1ox*KHbING 
OopT KOTOporo cpesaH B386pocom xp. TyKypHHrpa, BBINOJIHeHHBIM pbIXJIbIMH| 
KOHTHHEHT@JIbHbIMH BepXHEMeJIOBbIMH — KaHHO30HCKHMH OCaKaMH MOILHO- 
CTbIO JO MepBLIX COT MeTpoB. 13 HUuX Ha BepXHeTPeTHYHbIe — YeETBeEPTHUHBIe; 
OTJOMKeHHA NaaeT oKOO 200 M, CBHeTeIbCTBYIOUIMX OO yHaCsIeqOBaHHOM 
XapakTepe Norpy2XeHHA H ero HeOoJIbWIOH amnuuTyye. Bropan sABAAeTCA CHM- 
MeTPHYHOM BMaLMHOL C MasIOMOLNLHbIM TIpepbIBHCTbIM TOKPOBOM JHCNOWMpOBaH-§ 
HbIX TP@THUHBIX H TOPH3OHTAIbHO JI@KAULMX YeTBEPTHYHHIX ocayKoB. Ilo ce- 
. BepHOH HM 3anaHol OkpaHHam Bepxue-SelicKolt H CeBepHOH H 1OxKHOH YACKoH | 
jlelipeccHi pa3BHTa NOBepXHOCTb JeHYalHOHHOrO BbIPaBHHBaHHA C KOPaMH BBI-} 
BeTPHBaHHA KaOJIMHOBOFO THMAa, YTO CBUeTeIbCTBYeT O CaOOH HeOTeEKTOHH-}, 
YeCKOH AKTHBHOCTH 30H COUWJIeHeHHA JempeccHi Cc TOpHbIMH patonamu. Heo-} 
TeCHOBO-HWKHEYeTBEPTHYUHBIN aJIJIIOBHH SACHONOJIAHCKOM TOJIMH, pacnovloxKeH-§ 
HbIH Ha MOBepXHOCTH, FOBOPHT O ee MaJIeOreHOBO-MHOMeHOBOM BOspacte. 
Cuctema xp. Tykypuurpa—JDxKargp (B///) Onu3Ka K THITY ACHMMeTPHYHBI 


MIMXCA B CBOMOOOpa3sHOM M3rHOaHHH Teppac Seu u TykypHurpcKom nepexume} 
(*), AunoBHaJIbHble TasieYHHKH BOLOpassebHOH YacTH xp. TykypHurpa (Souio- 
Tad ropa) aHaJIOPH4YHb! ACHOMOIAHCKUM H aTHPYIOT BO3PACcT PeJIMKTOB NOBepX-¥ 
HocTeH J€HYalHOHHOrO BbIPAaBHHBaHHA, PaSBUTLIX B STHX XpeOTax, KaK JOHEO-f 
TeHOBBIH. 

V301HHHH B 30He xp. AmM-AauHb-Bbypenuckui—Manpit Xuunran (BIV)E 
PHCy!lOT HEOTEKTOHHYeCKyIO (POpMY C NOJIOTHMH HW WHPOKHMH KPbIJIbAMH C CYM-f 


ganaqHoe, «TYKYPMHTpckoe», MpocTupanve (xp. 30M) H CeBepo-BOCTOUHOE,f) 
«OypeHHcKoe». OTa cbopMa, Mo-BHAMMOMy, HMeeT TepexoAHbIi xXapakTep OT} 
JIMHeHHOH K TiaTpopMeHHOH. Ha dove NoAHATHA pasBHBaJIMCb CaOple NOrpy-} 
*KeHHA THA YHaCweqOBaHHBIX Balun (DypenHcKas, Tpipmunckas). Bosputoel 
3HaUeHHe HME pa3spbIBHble JMCNOKaWHH C H3JIMAHHAMHM Oa3aJIbTOB M aHesu-} 
TO-6a3aJIbTOB. 

Jini 30HbI Meso3o0lcKol ckaluatocTH (J) THNHUHbI JIMHeHHO BbITAHYTHIe 
y3KHe HeEOTeKTOHMYeCKHe (OPM! C yHacwIeqOBaHHBIM MpocTupanvem. bayKasp-} 
cKan oOnactb (f'/) jemuTcad HanomwKeHHbIMH OBopono-UyKyarupcKkon (J//),} 
YqbWwib-Ku3snuckoh wu Amypo-Amryucxon (J/V) feupeccuamu Ha TPH uacTH] 
(c 3anaya Ha BocToK) — bayKanpexy1o, UastTpinckyio u YcTb-AmypcKkyw. 3yecb} 
Pa3BHTbI y3KHe JIMHeMHO BbITAHYTbIC NOHATHA HM NOrpyKeHuA CeBepo-BocToY-} 
HOrO lipocTupanusa. B orpHlaTesbHbIX cTpykTypax (Bepxue-AmryHckas Jlenpec-}. 
CHA, BepxoBba pp. Kyp, Topuu, 3a. Huxonas, TyrypcKuli, cpetHee Tevennel 
p. AMryHH) H3BeCTHbI yIJIeHOCHBIe OJIHTOMeHOBLIC H MHOMeHOBbIe OCaNKH. Oce-}| 
BbI€ UACTH MOJOMKUTEIbHLIX CTPYKTYP UCHBITHIBAIOT yHAyIswHH. Ha norpyxe-}i 
HHAX UX pa3BHJIMCb yKasaHHble Haslomwenuble Aenpeccuu (1'//, FIV). Tlocenuue, 
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MMe‘ MEPHAMOHAabHOoe MpOCcTHpaHHe, JleATCA NOJ3CMHbIMH WIM BbIXOAAULHMH 
Ha TOBepXHOCTb BaJlaMH CeBePO-BOCTOUHOrTO TpocTHpaHHA Ha pA Bia- 
Bix. Ilo nepudepuHu HanowKeHHEIX Jempeccuit pasBUTbI MOBepXHOCTH jeHya- 
MMOHHOPO BLIPABHHBaHHA C KOPaMH BHIBeETPHBAHHA KaoOMHOBOrO THNa. B OCHO- 
BaHuu PbIXJOFO MOKpoBa, MOCTUralolero MOULHOCTH HECKOMbKUX JeCATKOB — 
MepBbIX COTCH MeTPOB, 3aeraloT TPeCTHUHbIC KOHTHHEHTAJIbHbIe OTMOMKEHHA. 
' Cymmapnas amnuautyya norpyxenua Cpeqne-Amypcxoii genpeccuu ([///) 
KONeOMeTCA OT HECKOJIbKHX JECATKOB MeTPOB JO 2 kM. B eecbyHyamente HaGvi0- 
pore C€BepO-BOCTOUHBIe MYJIbbI: BugKanuckaa, UepHopeyenckaa, Ilepe- 
ACMABCKaA UW [p., pasqeJieHHbIe BaJlaMH CeBepO-BOCTOUHOrO MpocTupaHusa, Me- 
(cTaMH BbIXOAANLMMH Ha nNoBepxHocTb (BopoHexkckHi, XexuHpcKHi HU Jp.). 
uporspii Banzanckuli pan enut qenpeccmio Ha CeBepHYIO H 1O*%KHYIO UacTH. 
B ocHopakuu pbiXJIOH TOM JeKAT OJIMPOWeHOBO-MHOLeHOBLIe yIJIeHOCHbIe 
ocayqku. O6pasopaHHe fempeccun OO yCJ1OB/eHO NOrpyXeHvem, CompoBorkae- 
MbIM pa3sIoMaMH, ocoOeHHO 110 BOCTOUHOH OKpaHHe, re NO HUM H3UBaJIHCb 
OazabTbl MH BO3HHKa WelouKa ByJIKaHOB CeBepO-BOCTOUHOTO MpocTupaHHa. 

O OKpavvam Jlenpeccuu B Najeorene — HeoreHe OOpas0BasIHCb TOBEPXHOCTH jle- 
HYAaWMOHHOTO BLIPABHHBAHHA C KaOJMHOBLIMH KOpaMH BbIBeTPHBAHHA iad 
' Cesepxpiiit Cuxors-Anunb (JV) npeycrapsert cumMerpH4noe cBooBoe MO,- 
ee CeBepo-BOCTOUHOTO MpocrupannA (c yraaMu maleHus KPbIIbeB JO He- 
KOJIbKUX TpaylycosB) c aMMIHuTyLOH Wo 2 KM, yeralas.1uBaemoit MO HaJIHuHIo 
PeCTHKTOB MMOMeHOBLIX H Ooslee MOJIOQbIX MOBepXHocTeH JeHyalMOHHOrO BBbI- 
PaBHHBaHHA B BOMOPAsMeIbHBIX YacTAX. HaOsofaloTcA HaOx*KeHHbIe Monmepey- 
Hbie JempeccHu (Hanpumep, BukuHcKas), OOpasoBaBlIveca B pesyJIbTaTe Norpy- 
QKeHHA OCMORKHeEHHOTO pa3soMamMu. HekoToppble HcceqoBaTeIM CUHTAIOT HX 
rpa6eHamu, 

B 3anagqHou uactu Oxotckoro mops (J/) maTepukK oKaliMseH NOBepXHOCTbIO 
BLIPABHUBAaHHA cyOaspaibHoro MpovcxomKyenua (*,’), c1ado oOpadoTaHHolt 
AOpasMOHHOH JexATeJIbHOCTbIO, BOSMOXKHO M€CTAMH AKKYMYJIATHBHOHM. [paHnitpl 
ee OKOHTypHBaiotca uzsobatamu 200—300 mo. IlorpyxxeHne ee BbI3BaHO YeTBep- 
THUYHBIMH TeEKTOHHYeCCKHMH JBH2KCHHAMH UM MOCJIee,HAKOBbIM 9BCTATHYeCKHM 
NOBbIMIeHHeEM yYpoBHA oKeaHa (’). OGnacTb J[// npeacraBasaer coGo1o 3anaqHylo 
yacTb Biagqunp Jlepioruua. Odnacth J/// BKsiouaeT BocTouHylo yacTb Cesep- 
Horo CaxanmwHa u TatapcKuii npowMB, MCMbITaBuiMe B HeoreHe MorpyxeHHe 
CyMMapHOH aMIJIMTyIOH Wo HeCKOJIbKHX KHJIOMeTpoB. MeKoBos\Hble MopcKHe 
ocay\kKH MMOWeHa — IMOWeHa MepecavBaloTCA 3eCb C KOHTHHCHTAJIbHbIMH. 
XapakTepHo, 4To reopu3nyeckne ucceloBanuA (”) He MOKa3bIBaIOT Mpenoua- 
TapilerocA KpyMHOrO pa3IoMa MexKy MaTepHKoM HM CeBepHOl YacTbIO Oo. Caxa- 
JIMHa, NWofoOHOro, HaNpHMep, MepHAHOHAIbHOMY pasJIOMy, pa3jleJAloleMy ero 
SamayHylo HM BOcTOUHYyIO YacTH. CeBepo-3anayHad uacTb SnoucKoro mops (Z[/V) 
ABMACTCA OOMACTHIO AKKYMYJIAWHH PbIXJIbIX MOPCKHX OCAJKOB MOLLHOCTbIO JO 
1—1,7 xm (*). CeficmoakycTu4eckve HcCIeloBaHuA MOKa3aiH, YTO CTpoeHHe 
3€MHOH KOPbI OMMChIBaeMOro paltoHa cxojHO c THXHM OKeaHOM, YTO MO3BO/IAeT 
paccMaTpHBaTb efO KaK 4AaCTb OKeaHHYeCKOH mNaTPopMbl. KpyTou yctyn 
PiaTepHKOBOLO CKJIOHA B CeBepo-3anaHol YacTH SMOHCKOTO Mops, MO-BHAMMoMy, 
ABJIACTCA (PIEKCYPHbIM H3rHOOM, OCJIOMHEHHBIM Pa3JIOMaMH, MO KOTOPbIM H3JIi- 
Bauch sppysuBpr. Q6nacru TUITIT u JV counenstorca c CuxotTs-AHHCKol 
30HOM WHpoKOH nowocou BEIPaBHeHHOrO CKyJIbMTypHOrO wWeLpa, oOpasoBa- 
BUlerocd B 30HE KOJIeOaHHA YpPOBHA OKeaHa. 


Bcecow3Hblli HayuHO-nccesqOBaTebCKHIt Tloctynuato 
TeonormueckHit HHCTHTYT 1 X 1960 


UHTHPOBAHHAA JIMTEPATYPA 


‘lao pa K OB, Man. Toc. reorpapu. oom., 67, 5 (1935). 7K. MU. Fa AN HH, 

Akay. Hedt. mpom., 2, 138 (1955). * H. H. Crrcoes uap., JAH, 119, Ne 3 (1958). 
ay B. YRUH WEB, Tp. Vcr. oxeanom. AH CCCP, 22 (1987), 5B. UW. OuHEKO, 
3B. AH CCCP, cep. reon., Ne 2 (1958). © 1O. ®. Yemexkos, Matep. no reou. u nonesH. 
uckon. Bocr. Cu6upu u Jlambu. Boctoxa, C6opu. crate, M., 1956, crp. 15. 7 10. ©. UWe- 
M ekoBs, Mas. Bcecoiosu. reorp. o6m., 89, Ne 3, 203 (1957). *® 10. ® Uemexos, JAH, 
127, Ne 1 (1959). 
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Hloxrnagn Arkagwemun nayr CCCP 
1961. Tom 137, Ns 3 


MHHEPAJIOFH A ¥ 


3. A. HAHABEKOBA u b. M. HBPATHMOBA 


PHAPOTPOWJIHT B OTJIOKEHHAX AKYATBIJIBCKOrO APYCA 
NPHKYPHHCKOM HHW3MEHHOCTH 


(I] pedcmaeaeno axademuxom H. M. Cmpaxoeoim 8 XII 1960) 


BnepBble 0 IpHCyTCTBHH THAPOTPOWIUTA B OTMOMKeHHAX AKYAarbla UW HWK- 
Hero anllepoHa BocTtouHoro A3epOaliyxKaHa Gpiio coobueHo IT. I]. Apaycuxupim 
¢?) u A. I. Annesrm (?). 

BnocuegctBun (1949—1957 rr.), B pesybTaTe JeTanbHOrO H3y4eHHA JIMTO- 
JOrHH 9THX oTOwKeHHH IIpHkKypHHCKOM HH3MeHHOCTH, THApOTPpOWMHT Obi | 
oOHapyxKeH B paspesaX pa3BeOUHbIX MH OMOPHbIX CKBaxKHH (B 60 oOpasax) | 
noujazeH Ilagap, Cappiyaxanaip, Kiopospgar, Muuiopmar, Kanamafpin, Kouip- 
Jbix, AuiaTcKad Koca, XbIbIpsbl, p. Tepyni-manuai u gp. (puc. 1). 

OrsoxKeHHA AKYAPbIIbCKOrO Apy- 
ca B Mpefketax STHX TMoualeH 3a- 
JieraioT Ha rayOuHe 250—2950 m u 
HME€IOT MOULHOCTb OT 50 mM (Muuios- 
nar) 40 600 m (Cappypxanap). Bprpa- | 
X%KeHbI OHH — B_ CeBepo-BOCTOUHOH 
YaCTH ONHCbIBAeEMOM TeppHTOpHu — | 
CepbIMH, TeMHO-CepbIMH HW 4epHbIMH 
ca6oKapOoHaTHbIMH PIHHaMH C Tpo- 
CJIOAMH BYJIKaHHYeCKHX  TI€IVIOB. 
B 3anaHol “wacTH TeppHTOpHH run- } 

Hbl CTAHOBATCA Ooslee MecuaHHCTBIMH, |} 

%,-B nk006dH 

@iabh saves eee lipHoOperarot Oypyio HM 3euleHoBaTYy10 Ff 
OKpacky,  MOABJIAIOTCA mpocJiov 

aJIEBPOJIHTOB HM Te€CKOB. | 

[upoTpousut BeTpeuaetca OOBIU- | 
HO B rIHHaX B BHle TOHYAMWIMX Tpo- | 
CJlOeB CHHEBATO-YepHOrO WBeTa (pH. 
2 u 3). I[pocnou stu oObmHO rpyn- 
MHPy!OTCA B OTJeIbHBIX YACTAX pas- 
pesa: uncyio Hx mectamu ([lagap, 
Koipsbrx 4 Ap.) octuraet 10 u 60- 
jee. BmMeujaiouyve moposbpl — nNourTH 
HCKJNOYHTEIbHO Cepble TMIOTHBIe 
CJIOHCTLI€ H3BECTKOBHCTHIe, XOPOWIO OTMYYeHHbIe TJIMHBI. 

Ilo MuKpocKorioM (c HMMepcHel) 3epHa THAPOTPpOHMHTAa UMeIOT HeMpaBHJb- 
HYy!0 WIM OKPyrslyio PopMy H OKPallleHbI B YePHbIii WBeT C CePbIM HH 3eJIeHOBAa- 
TbIM OTTCHKOM. B a30THOH H COJIAHOH KHCIOTAaX pacTBopsetca c Tpyom. B muoc- | 
KO-IlapaJJIeJIbHbIX IIpelapaTax B aJIeEBPHTO-MeJIHTOBOM MaCCe BCTPeualoTCA BKJIO- | 
YeHHA THAPOTPOMJHTAa OKPYIJiON HU JHH30BHAHOH cbopmpr (puc. 4). CofxepxKannHe 
THIpoTponutTa coctaBaneT oOprmHo 10—50%, HO uacTo focTuraer 80—90% | 
TAKeION Ppakunn *. Cpeqw MHHepasOB TAKEO pakuHH Hapsy c ruypo- | 
TPOHJHTOM BCTpeualoTca (B NpolleHTax): nupuT 1—24, ruspooKucapl xKese3a 1— | 
20, MarHeTHT, HIbMeHUT 1—8, nHpKoH 1—4, TypmManuH 1—4, mycKkoBuT 2—40, 
xsopuT 1—25, Ouotut O—3, OapuT O—5; B oTMebHBIX OOpasax BCTpeyaroTcs 


Puc. 1, Pacnpoctpanenue ru potpousnta, B 
aK¥arblIBCKHX  OTNOKeHHAX TI] pukypHHcKo 
HH3MCHHOCTH 


* Coyepxkanne Taxenoi dpakunu gocturaet 8%. 
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} 
MepuT (fo 20), poropad oOmanHKka (fo 8), snugor (fo 2), Auoncuz (go 20), 
jousuT (go 50). B koumuectBe He Oouee 1% oTMeyeHO MpucyTcTBHe MMKOTHTA, 
TaHHTa, TlayKOHHTAa. 
Ilo jjaHHpm cnekTpambHoro aHaiH3a*, B CocTaBe THApoTpouuTAa Kpome 
CHOBHBIX eFO 4acTeli — 2Kewe3a H Cepbl BCTpeyatoTcs (B mpoweHTax): Ca(>3,0), 
Mg (2,0), Mn (0,1), V (0,01), Ni (0,02), 
x (0,03), Cu (0,006). 
Kpome Toro, KayecTBeHHO OOHAap y2xKeHO 
IpucytcTBue Na, K, Ba, Al, Si, Ti, Sr, Mo. 
Ha 9u1eKTpOHHomUKpocKoMMyecKHXx 
HUMKax ** BHIHEI mOJyMpo3payHple 
(aCTHUKH §=upoTpoumuTa oKpyrsolt 
i, 3HAUMTeIbHO pexke, rekcaroHaJbHOK 


Puc. 3. Tamna cepaa c mpociont Puc. 2. [Hua cepaa c mpocioi- 
KaMH THApOTpowHTa, CapbiyKa- KaMH rHfpoTponsuta. Mumosyar, 
Jap, cCKBaxkuHa Ne 1, riyOuna ckBaxkuHa Ne 6, raryOHHa 2234— 
_2147—2149 Mm. Penpon. 3:4 2237 mM. Penpog. 2:3 


OpMbI. SepHa THAPOTPOWNTA VMeIOT YTOJINeCHHY!0 CpeMHIOIO YACTb U Coviee 
OHKHe, HO YeTKHe, KaK Obl OKOHTYpeHHble Kpasa.Pasmep ux oKouo | }. 

Betpeyaiorcsa OKHCJIbI 2Kesesa, MpescTaBAIOMMe COOOIO TOHKOJMCcrepcHbie 
ACTHYKH HW Compile yacTbio OOpasylomine CKOIJeHHA (Bi3H). Temubie ua- 
[THUKH, HMeIOWMe TO YeTKHe, TO pa3- 
BITbIC OYePTAHHA, SABJIAIOTCA U4CTHY- 
aMH OelifeHTH3upylolelicn ruppo- 
TMOJIbI. 

Ilo 2aHHbIM psa apropos (?, 4, 5), 
HPOTpOHNMHT TpescTaBaseT coor 
apaTu3HpoBanHbl MMPpOTHH, BbIpa- 
‘CHHBIH TOHKOJUCMepCHbIM BeleCTBOM, 
‘BcTpeyaeTcaA B WJlaX HTpsA3Ax JIMMa- *~ 
pB u o3ep. Ilo ganHpim ®. B. Uyxposa — 
), YTHApotpounut— Sro npupoxuprii 
lb CepHucToro x%xKese3a (FeS-nH,0), 
(MpOKO pacipocTpaHeHHbIi B MOp- 


ac. 4. Mukpodotorpapua wuinda rinHbt c 
“IOURHHAMH THApoTpousuta p. Tepzpmman- 
i. O6pasen No 8. Hux ||.-40X . Penpog. 


a) a! é 
Bic A) eeee 

_* Jlanupre A. JI. Ucpecaan. 
** Tlannpre A. K. Tokugquna. 
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CKHX H O3e€PHbIX BOMOeMAX, WIM KOTOPBIX XapakTepHa BOCCTAHOBUTEJIbHAaS 
OOCTaHOBKa, OH CojepxUTCA B NecyaHo-rmMHHcToMMatepHaue. Ilo A. JI. Apxan 
rembckomy (?), PHIAPOTPOHWJIHT ABJIAeTCA XApaKTePHbIM MMHEepasioM oOT/O*Ke 
Huii UepHoro Mops, HO pacimpocTpaHeH He TOJIbKO B COBpeMeHHbIX, HO H 
YeETBEPTHUHbIX OTJOKCHHAX. 

IIpucyterBHe THApoTpOHHTa B OCaMOUHBIX Moposax Me30KaMHOSOMCKOrO 
Kommuiekca A3epOaiiayKaHa Kpaline peKO HM OTMeYeCHO HUCKJIOYMTeIbHO B ak¥a 
PblWIbCKUX M pexke B HWxKHeanmeponcKHx ([lagap, Jlaiixena) ormomenuax Tipu 
KYPHHCKol HH3MeHHocTH. IIpHypoueHHocTb 3TOrO MHHepasa K OMpeleeHHOM 
cTpaTurpatbuyeckoMy TOpH30HTy HM WHpoKoe perMoHabHoe pacnpoctTpaHeHue 
ero B lipefesax OMMCbIBaeMOH TeppHTOPHH MpefcTaBAeT MHTepec C TOYKH 3pe 
HHA BbIABJICHHA KOPPeJIAUMOHHbIX MpH3HaKOB B paspese STHX OTVJIOKeHHH. 


Asep6aliKaHCKHlt HayuHO-HccJeqOBaTebCKH TlocrynH10 
HHCTHTYT m0 OObtMe HepTu 7 XII 1960 


UMTHPOBAHHAS JIATEPATYPA 


1T]. 1. Apgaycunu, I[pssepnie ByiKanpt (nerporpacduyeckue uccmeqopanua), Usz.4 
AH CCCP, 1948. *?A.T. Aaues, [lerporpatbua tperuynbix ormoxennit AsepOalioKana 
Baxy, 1949. 8A. 7. Apxaunreapekulh, Bran. MOMII, org. reon., 12 (3) (1934) 
45.7. Betextuu,  \Munepanorua, M., 1950. 5H. A. Wpeo6pameucku i 
Cc. lf. Capkuesxu, Munepanorua ocanounptx nopon, M., 1954. § ®. B. Uy xpos, 
Koauongpt B 3emMHOl Kope, M37. AH CCCP, 1934. 


680 


Hoxnaage Akayqemun nayr CCCP 
i 1961. Tom 137, Nb 3 


MHHEPAJIO‘HA 


T. 'b. 3QOPHK, fr. A. CHXOPEHKO u A. B. BbIKOBA 


HOBbIM THTAHOWMPKOHAT KAJIbBILAS — KAJIbILAPTHT 
(JTpedcmaeazexo axademuxom J]. H. [lep6axoeum 18 X 1960) 


KajbuupTHT BrepBble Obll OOHapy2KeH OLHHM H3 aBTopoB (T. B. 3n0puk) 
B 1959 r. B MeTaCOMaTHYeCKHX KaJIbILHT-CPOpCTepHT-MarHeETHTOBbIX MOpomax oOf- 
HOrO H3 UleOUHbIX — YJIbTpaOCHOBHBIX MaccHBoB BoctoyuHoi CuOupu. 

B 1959—1960 rr. muHepay H3y4eH aBTOpaMy MH Ha3BaH NO MpeoblaarouluM 
SJIEMCHTaM: KAaJIbILHIO, WHPKOHHIO HM THTAHY — KaJIblMpTHTom (calzirtite). 

KanbuupTut oOpa3yet Ta6uTYaTbIe CpocTKH pa3Mepom 3 Xx 4 xX | MM. 
OObiuHO MHHepasl BCTpeyaeTCH B BHJe C/IOMKHBIX TPOMHUKOB Mpu3sMaTH4eCKHX 
MHAMBHOB, OPHCHTHPOBAaHHbIX B34MMHO MeplleHAMKYJAPHO Tak, YTO CpocTOK 
B IeslIOM lipHoOperaeT u3oMeTpH4Hyto copmy. Moxuoxpuctass —TeTparouaJbHo- 
MpusMaTuyeckHi, OnNMpaMHabHbIi. 

I[peT MHHepasia TemHO-Oypbiii, nouTH yepHBEI. Baeck — nowymerasmue- 
CKHH, Ha rpaHax — ama3HbIi. Uepta 6ypas. MuHepas xpynkui, TBepfocts, 
M3MepeHHad Ha mpnOope [IMT KO B nowmMpoBaHHbIx 3epHax, BapbupyerT, B 3aBHCH- 
MOCTH OT KpHCTaorpadpuyeckoro HaNpaBJIeHHA, B Mpesenax 626—1035 kT/mm?, 
qTo cooTBeTcTByeT 6—7 mo wikase Mooca, 

YilebHbIH Bec 5,01 (cpeqHee u3 5 3amepos) *. [u9neKTpHyecKaa MocTOAH- 
Had 5,03. Ilepeaq naaubHow TpyOKoH MHHepa He MaBHTCA, B OKHCJIHTeIbHOM 
MJIaMeHH CHJIbHO CBeTVJIeeT. 

B kaTofHbIxX Jyyax OOHapyxXUBaeT PAOHHOBO-KpacHoe CBeYeHHe, Mepexo- 
[aulee mocie MpoKkaIHBaHHA B APKOe OFHeHHO-KpacHoe. 

B ysabTpaduvoueroBbix sydaxX He JIOMMHeCWUpyer. 

B mpospauHbix wucdax MMHepad HMeeT HepaBHoMepHyto Oypylo oKpacky. 
He nueoxpoupyer. [loxa3aTeu npesoMJieHHA MHHepasla H3MepeHbl B CIVIaBaXx. 

2,36 > N,> 2,30; 2,27>No >2,19; N,—No = 0,07 — 0,08. 


OntTwyeckH OJHOOCHBIH, MOJIOXKUTEJIbDHBIM. 

B MomMpoBaHHbIx WHdax MMHepad cBeTO-cepblt. OTpaxkatembHaa cro- 
co6uocts: R, = 16,4; Ro = 15,0 (3amepeHo Ha npu6ope IIMTKO). Jpyorpa- 
*KeHHe (paccuauTaHHoe AR = 9%) B Bo3zyxe He HaOOfaeTcCAa, B HMMepcHH — 
acHoe, DphekT aHv30TponuH pe3sKHi. BHyTpeHHHe pedpieKCbl CHJIbHbIe, Kpac- 
HoBaTO-Sypble. KaviblHpTHT 4YaCTHYHO pacTBOpAeTCA NIpH HarpeBaHHH B KOH- 
WeHTpHpoBaHHbIxX H2SO1, HePOs u HCl. 

XumuMuecKHii aHamn3 BEIMoHeH A. B. BprkoBoi B maGopatopuu Mucruryta 
MHHepaylorMu, TreoXHMHM HM KPHCTaWIOXHMHM peqKux 9semeHtoB AH CCCP 
(rab. 1). 

CnekTpaJIbHbIM MOyKOIM4eCTBeEHHbIM aHaJIM30M, Kpome Toro, OOHapyxKeHO 
—pucytcrsue coTsix AoueH Mn, Rb, Ce, Y, Sr u THIcauHbIx AoueH Sn u Sb. 

XMMMYeCKHH aHaNH3 KaJibIMpTHTa oTBeyaeT (opmyve 


Cag 94276 00 7 in,02O17, 08 nau CaO 3ZrOg-TiOs. 


Kak BugHo us Tada. 1, undbpbl aHamM3a KaJIbIMpTuTa OH3KO 
COOTBETCTBYIOT TeopeTH4ecKOMy cocTaBy coequHeHuA CaZrsTiOs. 
| Hecmorps Ha TO, 4TO y KaJIbIMpTHTa HaOvOaeTCH BeCbMa CHJIbHaH ONTH- 
yeCKad AHM30TPOMMA, peHTreHocTpyKTypHble McceqoBanua (Cu kaB, Kamepa 
PKY-114) noKaspiBaioT, YTO OCHOBHOM KOMIJIeKC OTpaxKeHH OTBeyaeT KyOH- 


ws * YeIbHbI Bec) oMpemeraycA OObeEMHOMETPHYeCKHM MeTOJOM. 
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WalGr nape 


CaTiZr,O, 
BS ste (reopetuueckas opmysta) 
KomnoneuT ey ee Ee See 
comepx., KaTHOHOB, KucmOpoyza, | YHCIO KaTHO- 0 
Bec. % aT. %-10 aT. %-10 |HOB B dopmyse sa acy Bet a 
CaO 11,26 204 201 2,01 CaO 11,99 
TiO, 16,04 201 402 a oy 02 TiO, 15,60 
Nb,O, 0,10 0,8 2 Cy 
ZrO2* 70,56 573 1146 5,73 ZrOz 72,44 
Fe,0; 1,64 20 30 0,20+6,00 
SiO, 0,41 7 14 0,07 
1 pv Glo 0,17 — a -- — 
pte 100,18 1003 1795 | | 100,00 


* ZrO. ompemesteH B cyMMe~c HiOz, KoToppifi NO WaHHbIM KOJHYeCTBEHHOFO CNeKTpadbHOrO ONpeyeNeHus 


eoctaBsneT 0,44%. 
** TR —.He_oOHap yeu. 


yecKoH CTpykKType THMa MMpoxsopa UAH KyOnNeCKOH MosNdpHKayHH ZrOe, 
HO JONOMHACTCA HECKOJbKUMH CaObIMH OTPaxKeCHHAMH, He HHAMUMp yIOUlMMHCA 
B 9THX CTPYKTYPHbIX THnax (TAO. 2). 

Bowbiuiee Yic10 43 Bcero HaG6opa pedleKcoB HHAMUMpyetca IpHa=10,195 kX. 
STo 3HayeHHe pa3sMepa 93JIeMeHTaPHOH sAYeHKA oNnpeseeHO Kak CpeqHee 
u3 35 MpomepoB, Np 9TOM 5 OTPaxKeHHU aloT 3HAYHTEJIbHbIC OTK/JIOHCHHA OT 
cpeaneli BeaHuHHp! (10,26 umn 10,12 xX), 10 orpaxkennit BooOule He HHAMIH- } 
pyioTcs, 

Cpe MpOHHAHILMpoOBaHHBIX OTPaxKeHHH, He OTBEUAIONIMX MpocTpaHCcTBeHHOH 
rpynne nupoxsopa, HaOsoparotea cnenyroutue: 211; 300; 321; 332; 521 ut, g. 
PaccuuTaHHoe MO 9KCHepHMeHTa/IbHOH MJIOTHOCTH UYHMCJIO MOJIeKYJI B 3JIeMeH- 
TapHoH sAuelKe Z = 6,32; npuH z = 6, peHTreHOBCKaA NJIOTHOCTh paBHa 4,75. } 
IlpokauBaHve MuHepana fo 1200° He noKa3an0 CTpyKTYpHbIX H3MeHeHHH. | 

Tlonbirka MpoHHAMUMpOBaTb JeOaerpaMmMy NO KPHBbIM XeJWia He MpHBesa 
K IIOJIOXKHTeCJIbHDIM pe3yJIbTaTaM (CM. BKsJIeliky cTp. 594). 

B 1956 r. Potom (°) ObiuI CHHTeSHpOBaH PAX THTAHATOB M WHPKOHATOB pelKose- 
M@JIbHbIX 3JIEMCHTOB, OOJIbINaA YACTh KOTOPbIX HMeeT KPHCTAJIJIM4eCKYIO CTPYK- | 
TYpy MMpoxJopa, HleaibHylO HIM HapyuleHHy!O, MpHuem KyOnyecKkan HeHapy- 
WleHHaA CTPpyKTypa MHpoxJopa oOpasyeTcA B Y3KOM A\Hala3zoHe 3HaYeHHH OT- 
HomeHHA Rqi/RrR, a HMeHHO OT 0,68 70 0,79 (Sm, Gd, Dy, Y, Yb), B mporus- 
HOM CJly¥ae OOpasyloTcA CoeqHHEHHA C HapyIMeHHOH CTpyKTypoH mupoxsopa 
mp Rrr > 0,79 (La, Nd) un xe coequHeHHi He OOpasyetca BoBce. Bosxu- 
Kaloulve HapyWieHHA CHH2KAaIOT CHMMETPHIO CTPYyKTYPbl CoeqMHeHHA. 

Monn paquyc Ca?* = 1,03 (B BocbMepHo KOOpAHHAanH) 61M30K K TaKO- 
Bpomy y Nd (1,08), uro mosBouseT c JocTaTOUHOH JoeH BepoATHOCTH MpHMe: 
HUTb NOJyyYeHHbIe PoToM BBIBOJbI K THTAHATaM HM WHPKOHAaTam Ca; mp 3TOM 
WupkonaT Ca JloKeHn Obl Obl UMeETb NpaBHJIbHy!O CTPyKTYpy MHupoxsiopa, a 
THTaHaT — Pe3KO HCKaKeHHylO. GamelleHHe HeKOTOpOrO KoviMYecTBa Zr Ha Ti 
TeOpeTHYECKH MOJI2XKHO BbISBATb HCKAKEeHHE CTPYKTYPbI, YTO MbI H HMeeM B ODM 
CbIBAeMOM MHHepavie, rye Np cooTHoweHuH Zr: Ti = 3:1 npeoOmanaeT Kom- 
I JleKC OTPaKeHHH, OTBEYAICILHH KyONYeECKOH CTPyKType, HCKaxKeHHbI, OMHAKO, 
JONOMHUTebHBIMH OTPaxKeHHAMH. Ha cHHKeHHE CHMMETPHH CTPyKTypbI NHpo- 
xslopa Np yNOpsAAOuCHHOM pacnovioxeHHH uoHOB TR wu Zr B COOTBETCTBYIOINIUX 
cucTemax yKasbipaioT Ilepen, )Kop6au zp. (2°). STH %e aBTOpbI OTMeNAaIOT HeCcTe- 
XHOMCTPHUHOCTh CoeAHHeHHH THNa MMpoxvsiopa. 

MutepecHo OTMeTHTb OH30CTb KPUCTAMMYECKOH CTPyKTY Pb! OMMCbIBaeMOrO 
MHHepasla K CTpykType BbiCOKOTemNepaTypHOH KkyOwuecKOH MoupHKAaLMM 
ZrOz, ycTroHuHBoH Bpiue 1400°, napamerp koTopol a = 5,07 xX, T. e. OnN30K 
K */2 @ KaJlbulupTuta. M3pecTHbl TpH NOMMMOpHEIX MOLM@uKauNU ZrOe: KyOu- 
yecKad, TETparOHa/IbHaA, MOHOKJIHHHAaA. I1pH KOMHATHOH TemMepatype ycrTol- 
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Ta6aunua 2* 


Ta6nula 3HaYeHHH Me2KMJOCKOCTHBIX paccTOAHHH KaJIbUupTuTa 


Bees hl he hie 

KyOuyeckon | TeTParonamb- d/n Mi Ky6uyecxoi | TeTParonasb- d/n I 

aueiiku HOH sAyeliku auetiku HOH sAueKH 
110 200 7,55 4 622 860,336 1,537 9 
200 002 5,12 2 634 10.2.0 1,507 1 
— t** 112 4,66 1 44h 664 1,471 4 
241) = 022 4,22 1 — ote 1,463 1 
400,321 (3,86) 2 800 B 008 B (1,409) 1 
— ee 144,132 4 4 552 775 1,385 2 
300 240 3,396 1 642 880,934 1,355 3 
222 B 332 B (3, 261) 6 662 936 B (1,294) 2 
332 2,945 10 800 008 12.0.0 1,273 4 
400 B 004 8, 6008 (2,818) 2 840 B 12.6.08 (1,261) 2 
321? ** 251 » 742 4 820 1,232 1 
400 004,600 2,002 6 662 936,082, 992 1,170 7 
— *** 143,114 2,014 1 844 B 12.6.4 (1,154) 1 
620 (2,413) 2 840 12.6.0 1,139 5 
331 352 3,335 3 911 9.5.6 1,418 2 
— 631 2,250 2 931 1,067 1 
2. 262,523 2,177 4 844 12.6.4 1,039 5 
—— “ee 044,640 2,123 1 10.0.0 1,025 1 
422? ** PAN 2,068 4 10.2.1 0, 9953 2 
440 B 660 B (1,999) 5 — **6 0, 9834 2 
511 125 ,642 41,958 3 10.2.2 0, 9807 6 
524 820, 732 1,859 2 10.6.28 0,9513 1 
—** 829 1,832 1 10-4.2 0, 9339 1 
440 660,064 1,804 10 —aae 0,9177 1 
530 *** 624 1,756 1 880 0,8979 2 
622 B 860 B (1,698) 4 — *** 0,8800 4 
611 525 ay 2 10.6.0 0,8709 2 
444 B 664 (1,631) 1 10.6.2 08597 6 
620? ** 136,930 ie 3 — *** 0,8545 1 
bie 734 1,580 1 12.0.0 0.0+42 0,8481 4 


Aep H3 35 mpomepos pasHo 10,195 KX 


* Ye mocne 3aBepUleHHA MOATOTOBKH AaHHOH CTaTbH K NeyaTH IO. A. Ilatenko u 3. B. IlyzopKu- 
HOH OpIN0 NMpoBeseHo peHTreHorpaduyeckoe H3y4eHHe KPHCTAaAMMHYeECKOM CTPYKTYPbI KaJIbILMPTHTa MO- 
HOKPHCTaNbHbIMH MeTOZaMH (Kpuctannorpadua, 6, 2, 1961). B pesymbTraTe Oblna ycTaHOBJeHa TeTparo- 
HaJibHaA CHHTOHHA MHHepasia Mpu pasmMepax 9NeMeHTapHOH AYetikH a= 15,30, c=10,20 A u npoct- 


2 ; 
paHcTBeHHaxw rpynna J4,/acd — pi. Ha 97TOM OCHOBaHHH MpoBefeHO YaCTHUHOe HHAHUMPOBaHHe e6ae- 


TpaMMBI HW ONpeseweHa PeHTTeHOBCKaA MMOTHOCTh MUHEPata Ppeyrp = S075: 2— 165 


** OtpaxkeHua, aloulve 3Ha4dHTeIbHbIe OTKJIOHEHHA A OT CpeHero. 
*** OrTpavKeHHA, He HHAHIMpylomueca B KyOHYeCKOH CTpyKType THNa Nupoxmopac a = 10,19. 


‘YHBa MOHOKJIMHHaA MOAMpHKaUNA — Oagpeneut. OqHaKo ZrOz cKIOHeH OOpa- 
30BLIBaATb CHCTeMbI TBEPAbIX PaCTBOPOB B Ppa3JIM4HbIX (CH3HKO-XHMHYeCKHX 
YCJIOBHAX C IeJIbIM PAAOM JJIEMCHTOB, KOTOPble CHH2KAIOT TeMMepaTypy NouH- 
MopdHoro mpespauieHua ZrOz HH CTaOHM3sHpyloT TY HIM HHYIO MOANDH- 
Kaumio. Tak, mo faHHpim Pydba xu S6epta (°),  go6anKka ot 4,0 zo 
0,76 mom.% MgO cra6umu3supyer KyOn4eckylo MogMdHKaHIO ZrOz. 

Takum %e oOpa30m BuJHMaIOT mpumMecH CaO, Sc2Os, UOez, Ce2Os. 

V3 dasopol AHarpamMpl cuctempl Zr—Ce (’) cuielyeT cTaOuM3sauuA KyOu- 
gecko da3pr ZrOe mp OTCYTCTBHH CaMOCTOATebHOM KyOuYeckoH Mg-a3pl. 

STO MO3sBOIAeT JOMYCTHTb, UTO KyOMYecKad MOLuUKanHA ZrO, ABAeTCH 
OCHOBOH CTPYyKTYypbl OMMCbIBAeMOrO MHHepasa, OCOOeHHO eCJIM yuecTb ero 
‘TeCHbIA MapareHesHc C MarHe3HaJibHbIM CHJIMKAaTOM — (popcTepHToM, cocTaB- 
wsiouluM Jo 50—60% mopospt. 

KasIbiupTuT Obldl OOHApyKeH B METACOMATHYCCKHX KAJIbUMT-PopcTepHT-Mar-: 
HeTHTOBbIX MopofaxX B TeCHOM aCCOMMalHH C JH3aHa/IMTOM WM alaTHToM. 

J[u3aHanuT OObMMHO MOUTH HallesIO 3aMeUleH MJIOTHbIMH CepOBaTO-3eJICHbIMH 
TOHKOKPHCTaJIHUeCKUMH arperaTaMH, COCTOALIMMM W3 aHaTasa, pyTHla HM pe- 
JRKTOB JM3aHasuTa. 7 

AnlaTUT ABJIAeTCA ABHO Ooslee NO3LTHHM: MeJIKHe MIPH3MbI allaTHTa OTUET JIMBO 
MpopacraioT mepudepwyeckue 4acTH 3epeH KAaVJIbILMpTHTA, 

BepostHee Bcero, ONHCbIBAaeMBIi MHHepadl OOpasyeTca, TaK 2%Ke KaK H ara- 
THT, Ip: KapOoHaTH3alHH NepoBCKUTCOMepKalUx (chopcTepuT-MarHeTUTOBbIX 
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Nopod, HO ABJAeTCA Ooslee paHHHM MO OTHOWeHHIO K alaTHTy, Kak 9TO B JIpy- 
THX Cly4adxX OObIVHO HMeeT MeCTO MPH OOpasoBaHHH TaHTaJiO-HHOOaTOB HM ama- 
THTa B Mpotecce KapOonaTH3allHH. 

CuelyeT OTMETHTb OJIH30CTb COCTABa ONHCbIBaeMOro Munepasa K WHpkesuTy 
u3 Bpasuauu, onucaHHomy E. Xyccaxom u I, T. IIpatopom (°). 

CyulecTBeHHbIMH OTJIMYHAMH KaJIbIUMpTHTAa OT Opa3sHbCKOrO WAPKeJMTAa ABIA- 
€TCA, OMHAKO, OTCYTCTBHE B KaJIbILMPTHTe PAaHOAKTHBHbIX 3JIEMEHTOB, HHYTOXK- 
Hoe cofep2KaHue (COTbIC AOJIH) PEKO3CMEJIDHLIX 3JIEMEHTOB, MAJIaA Kee 3HCTOCTb 
KaJIbIMpTUTa (TIpH4eM XKeNe30 MpHCyTCTByeT B TpeXBaJIeHTHOHM cbopMe H COcTaB- 
aaet 1,64%, mnpoTuB 7,72% B WHpKemHTe Xyccaka u IIpaviopa) u, raaBHoe, 
SHAYHTENbHO Oovlee BLICOKOe COMepxK ahve WHPKOHHA B KaJIbuMpTHTe (70,56 npoTHB 
52,89% B Opa3HbCKOM WHpKewHTe). 

Pa31M4HA MexKLY KaJIbIMpTHTOM WH WupKemHTom c Llefsona (°), uM Onn3-. 
KHM K TOCJi€{HeEMy WHPKOHOJIHTOM (?) ele Govlee OYeBUAHBI. B Ta6. 3 cBeqeHbI 
CBolicTBa CpaBHMBaeMbIX MHHepavosB. IIpaBya, no nocieqHHM aHHprM (?) cTa- 
BHTCA BOMpoc OO HACHTHYHOCTH WHPKOHOJIMTa WH WHpKewuTa. 

KaabuupTHT He MOKeT ObITb HACHTHPHUMPOBaH HH C OAHHM H3 3THX MH- 
HepaJiOB, H ECTb BCe OCHOBAHHA CUHTATb CFO HOBbIM MHHEPaJIbHLIM BHJIOM. 

Munepan HaxoguTca B KoJNeKUHH My3ea AH CCCP B Mocxere. 


TaOnauna 3 


CpaBHHTesIbHble JaHHble MO KaJiblupTHTY, WHPKOHOJHTY HM WupKeuTy 


TemHo-KopH4He- LlupkenuT u3 


Kanbuuptut Bbii WMPKOHOUT(*)| BpasHsnu (°) 
XUMHYeCKHH aHawIn3 
Nb,O, 0,10 3,26 —_ 
TiO, 16,04 31,69 14,95 
Fe,O; 1,64 5,49 _ 
Al,Os _— 1,03 — 
MgO — 0,45 0,22 
ZrO, 70,56 32,84 52,89 
U;O, _ 1,53 1,40* 
ThO, | -- 0,58 Wo 
=xCe,O0; — 6, 22 2,52 
CaO 11,26 11,05 10,79 
FeO — _ 7,12 
MnO —_ 0,06 — 
Na,O — 0,37 “= 
SiO, 0,44 2,05 -- 
Tl.n.n. 0,17 Shen 1,02 
>» 100,18 99,98 99,03 
PentreHoctpyktypHbIii| IIcesqoky6uyeckuh (a=10,195) 
aHadu3s TeTparoHaJbubii (a=15,30; Pentrenoamop@eu. 
c=10,20). Ocnosa ctpyxty-| C ZrO, ne cono-| Pekcarouass- 
pbiI—KyOuyeckand MoguuKa-| cTaBaseTca. HbI (?) 
uusn ZrO, 
OntuyecK. KOHCTAHTbI 2, 36<N g<2,30 N=2,17-+40,03 N=2,19+0,01 
2,21<N p<2,19 
YuenbyHpl Bec 5,04 4,017—4, 237 4,741 
Dopmy.u1a AB,O, AB,O, A.B.O,; 
* B ananuse E.Xyccaka ypaH mpuBoyutca B dopme UO. 
Bcecoio3sHplli HHCTHTYT MHHepaJbHOrO CbIPbA Tlocrynuaio 
148 X 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1T. B. Bokul, Bsegenue B Kpucranmoxumuto, M., 1954. ? JI. C. Bopogun, 
HW. WH. Hasapeunxko, T. Jl. Puxtep, JAH, 110, N 5(1956), %A.T. Byaax, 
Yr. A. Uneuuckuit, A. A. Kyxapeuxko, 3an. muHep. o6m., 84, B. 3 (1960). 
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Jokaage Akagzemun nayk CCCP 
1961. Tom 137, N 3 


MHHEPAJIO‘THA 


A. A. CHTHHH u T. H. JIEOHOBA 


O HAXOJIKE CTPIOBEPHTA B 3K30KOHTAKTOBbIX TPEH3EHAX 
OWHOrO H3 TPAHHTHbIX MACCHBOB B BOCTOUHOKM CHBUPH 


(ITpedcmaeneno axademurom JI. H. Illep6axoeuim 29 VI 1960) 


CTploBepHT, TaHTaIOBaA Pa3HOBHAHOCTh pyTusa, — peqKHii MHHepadl; OH 
ONMCaH B JIMTepaType TOJIbKO KaK AaKIeCCOPHbI MHHepad aibOHTH3HPpOBaHHbIX 
Tl€PMaTHTOB, COJepKallHX KaCCHTePHT, KOJIYMOMT, ¢eMosymMeH, uupKoH (?74,”,%). 

IlpH w3yyeHHH reoxMMHYeCKHX OCOGeHHOCTeli pacnipemeIeHHA PeNMKUX 9VIe- 
MeHTOB B IHpOTepMaJIbHO-MHEBMATOJIMTHYeCKHX MeCTOpORKAeHuAx BocTouxoHt 
Cu6upu cTpropepnT Obl OOHapy2XeH B 9K3OKOHTAKTOBbIX KBaPpll-TOMA3-CJIOLA- 
HbIX PpeH3eHax OAHOFO H3 MACCHBOB aJIbOHTH3SHPOBaHHbIX H Ppel3eHH3HpoBaH- 
HbIX IpaHHTOB. 

MaccuB rpaHHToB CyIOKeH JeHKOKpaTOBOH MOposou, cocTosmel H3 MeJIKO- 
3€PHHCTOH OCHOBHOH maccbI aibOutTa Ne 2—6, BkJIoualolleH NopdupoBHAHbIe 
BKpalJICHHHKH KPHCTaJJIOB MHKPOKJIMHa HM KBaplla MH OTMeNbHbIe MaCTHHKH 
IHHHBaJIbAuTa. CTpyKTypHble H TEKCTYPHbIe OCOOeHHOCTH MOPOAb! CBUAETeIb- 
CTBYIOT 00 HHTCHCHBHOM MIPOABJICHHH MOCeMarMaTHYeCKHX TpolleccoB (MHKpo- 
KJIMHH3aluA, PpeH3eHH3aluA HW aJIbOHTH3allHA), KOPCHHbIM OOpa3s0M H3MeCHHB- 
IHX ee NepBHUHbIN OOMUK. C mpoweccamMu MocseMarMaTHYeCKOrO MeTaCOMaTO3a 
CBA3aHO HalMuve B Noposax Tona3sa (Mo MecATbIX oe MpoweHTa), a TakxKe 
AKIECCOPHBIX PeNKOMETAJIbHbIX MHHePaJIOB: MHKPOJIHTAa, KOJIYMOHTA, KaccH- 
Teputa. Kpome Toro, B He3HaYHTeJIbHbIX KOJIMYeCTBAX B Nopose OTMeyaIOTCA 
“AKIECCOpHbie — MOHALLHT, WHPTOMHT, GIOOpHT, TOPHT H Ap. OcobenHoctTpto 
XHMHYeCKOrO COCTaBa FpaHHTOB ABJIAeTCA HU3KOe cCosepxKanHe x*Kevesa (0,2— 
0,3% FeO) u rurana (0,01% TiOs). 

C pa3BHTHeM MeTacoMaTo3a B rpaHHTaX CBA3AaHO HHTeCHCHBHOe H3MeHeHHe 
BMelLalollux Moposx. HenocpescTBeHHO Ha KOHTAKTe C MACCHBOM, 3a CueT rpeli- 
Z3eCHH3allMH MeCuaHHKOB H CJIaHUeB, OOpa3s0BavlaCcb 30HA 9K3OKOHTAKTOBbIX 
KBapll-TOMa3-CJIOLAHbIX TpeH3seHoB. [peli3eH COCTOHT B OCHOBHOM H3 JIHTHEBO- 
*KeNeSHCTOM CJIOLbI, ToMasa, KBapwla WH NMoeBoro wimatTa. CoepxkaHue CTpw- 
‘BepHTa B rpeli3zeHe JocTuraet 2000 r/t. 3 akweccopHbix MHHepaJioB, KpoMe 
TOrO, XAPaKTepHbIMH ABJIAIOTCA KACCHTeEPHT, OepHI, WAPTOMHT, TOPUT, 

CrproBepuT BCTpeuaeTCA B CYULeCTBEHHO CJIIOJAHOM rpel3eHe B BHe Med- 

KHX (JeCATHIC JOM MHIIMMeTpa) YepHbIX H3OMeETPHYHbIX KpucTao0B. M3pen- 
Ka MOXKHO HaGJIOLaTb KPHCTAJJIbI CTPIOBepHTa B BUC XOPOWIO OOpasOBaHHbIx 
TeTpasspuuecKHx AuNMpamuyoK. Menkue KpHCTaJJbl CTPIOBepHTa aloT TeCHbIe 
cpacTaHHA C KBaplleM, TOMa30M, COLO WH KaccHTepuTOM. OueHb uacTo 3epHa 
CTPIOBepHTa BCTpeualoTCA B BUJe BKOYVeHHH B Tomase HW Cpe MvaCTHHOK- 
CJIIO ABI. 
_ L]per uepuprii, vepra cepaa, Oeck MeTanmMuecKHi. YJeIbHbIH Bec, ompe- 
JIeeHHbI MeTOOM B3BeWIMBaHHA M3 MUKpOHaBeckH (ananuTHK — I. IIpoxo- 
popa), cocrapsineT 4,2. MuKporBepocTb CTploBepHTa KosleGeTCA B Mpewemax 
934—977 xr/mm?, uTo cooTBetcTByeT 6,4 mo mKkamne Mooca (H. PasenKosa), 
Cnaiinoctu ve Ha6ofzaetca. M3n0M HepoBHbIi, SepHHCTbIi. 

Ilo MHKpOCKONOM MOXKHO HaGIOAaTb OYCHb HeEPOBHbIe OYePTAaHHA 3epeH 
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CTpIOBepHTa, B KOTOPbIX HepeKO OOHapyXUBAIOTCA BKJIOUCHHA KBaplla HU TO- 
ma3a. 

B nmpospauHbix WiMax He NpocBeyHBaeT, YepHbI. B ckpenleHHbIX HAKOJIAX 
B OTIC@JIbHbIX yUaCTKaXx Ca60 MpocBeyHBaeT, JaBad WBeTHbIe apeKTbI OT 3eJ1e- 


HOBaTO-%KeITOrO Jo KopHuHeBOorO. B noWHpoBaHHOM wWwIMde aHH3oTponeH. Xa- 9 


pakTepHbI ABOMHUKH. OTpaxkatebHaa cnocobuocth 15,8%. JLByorpaxenne 13%, 

PeHTreHOCTpyKTYPHBIM aHaJIH3 CBHeTeIbCTBYeT O IIpHHaliexKHOCTH MHHe- 
pasa K rpynne pytuna (ananutux — H. IT. Baranuepa). 

Ilo xumuyecKoMy COCTaBy CTPIOBepHT M3 rpe3eHa CyULeECTBeEHHO OTMYAeTCA 
OT OMHCaHHBIX HaXOMOK CTPIOBepHTa H3 NerMaTHTOB Ooviee BLICOKUM Cosep2Ka- 
HHeM THTaHa HM HH3KHM COepxKaHvem TaHTasa HU HHOOHA (Tab. 1). Han6ouee 
6IM3KHM M10 COCTaBy H Ye@JIbHOMYy BeCy ABJIACTCA CTPIOBepHT H3 MeCTOpOXe-. 
Hua Ammaura6e, Mayaracxap (’). 


Tadauna 1 


XHMHYeCKHH COCTaB CTpIOBepuTa (B MpoueHTax) 


B. Cu6upp, Amnanra6e Moxronpekuh | Brox Xunac 
rpetiser (Mayaracxap) | Anta, nerma-| yermarut (*) 
merMatTuT (7) THT (¢) 
TiO, 83,55 78,45 47,00 47,80 
MnO 0,14 0,09 
FeO 8,60 15,84 9,70 ge 
Nb.O; 0,20 9,30 (ayy 
Ta.,0; 6,07 10,14 gay te 34,8 
SnO, se) 0,05 --- L53 
TIpoune —_ 4 ,80* 0,46** 2,4"** 
Cymma 99,63 98,98 99), 6 99,8 
YH. Bec 4,2 4,91 5,47 9,20 
Axuanutuk | T. Jleonona M. B. Kyxap- 
(1960 r.) ynk (1955 r.) 
* Al.QO, 


ex SiO, 044: CaO 0,05 
0 SIO, 2,0; HO 0,4. 


Pe3yabTaTsI nepecueTta XHMHYeCKOrO aHaJIH3a XOPOWIO YKJabIBalOTCA B 
dopmyly pyTHsa: (Tip,o1F €0,10F Ao,o25Mo0,01) O2- 

AHasv3 MHHepasa Obi MpoBeseH B XHMHUeCKOH Ma6opaTOpHH MHUKpOMeTO- 
yioM “43 HaBecku 50 mr. IlomHoe pa3momeHHe ObIIO JOCTHTHYTO TPpeXKpaTHbIM 
crilaBJICHHeM HaBeCKH C MHpocybaTOoM KaJIHMA C MpHOaBJIeHHeM KOHILCHTPH- 
PpoBaHHOM CepHoH KHCJOTHI. CnaBJieHHe MpOBOAWJIM B KBapileBOM THIe, Tak 
KaK HaJIM4He 3HAUHTeEJIbHBIX KOJIMYECTB OJIOBA Je/1aI0 HEBOSMOXKHBIM HCIOVJIb- 
30BaHuve MaTHHOBOM NocyAb. CniaB pactBopssM B 15% BHHHOH KucOTe. Pac- 
TBOP HM@J 3HAYHTEILHYIO OMaeclleHMIO, OOYCJIOBJIEHHY!0 MpHCyTCTBHeM OJIO- 
Ba, KOTOPOe ONpeleAOch HoomMeTpH4uecKHM MeTOJOM. B (ubTpaTe mocwe or- 
JI@eHHA O0Ba KyMdeponom ocaxgzanu Fe, Nb, Ta u Ti (*). Mocue otgenenna 
ocaka HM pa3spylleHHA KyMepoua B NOJyYeHHOM pacTBope ONpemeiANH Map- 
rahe KOOpuMeTpHueckH B Bue KMnOs. Ocagqok kKyndepouwaToB CKHraJN, 
CHIaBAAIM C MMpocysbaToM KasA, CiiaB pacTBopsAM B 15% BHHHOH KHCJOTe 
H Beigennau Nb, Ta u Ti dennaapconosott Kucaotoi (°,°). B dusptTpate nocae 
paspylieHHaA eHHIapCOHOBOH KHCJIOTbI OMpeeIAH wKee30 OObEMHbIM MeTO- 
yom (tlepMaHraHaTometpHyeckh). OcayoK mocuie ocaxKeHHA (beHHapCOHOBOK 
KHCOTOH Comepxa Nb, Ta u Ti. Cnextpadbuo He Oplio OOHapyKeHO axe cule- 
JOB Jpyrux semMeHTosB. Ilocuie cnwaBNeHHA C NMpocysbipatoM HW pacTBOpeHHuA 
cmuiaBa BHCI (1: 1) NbuTasaimensuu TaHHuHoM. Onpegenenve Nb u Ta nposo- 
WWMM KOJOpHMeTpH4uecKu C mMporanonom (*). Ti onpexenamM M3 CuIBTpaTa 
BeCOBbIM Me€TOJOM B Buse TiOz HW KOMOPpHMeTpH4ecKHM MeToJoM Cc H2O2 B ocaz- 
Kax Nb2Os u TaeOs. 
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IIpoucxowkeHHe CTplOBepHTa B 9K3OKOHTAKTOBBIX TFpeliseHaxX CBA3aHO C 
B3aMMOehcTBHeM PpeHSeHH3HPYIOWMX PacTBOpoB, OOorallleHHbIX (PropoM, TaH- 
TaJIOM, JIHTHeM, OJIOBOM H HHOOHeM, C THTAH- MH *KeesocosepxKalllMMu mMecuaHo- 
C/aHWeBbIMH NMOPOLaMH, BMEeULAaIOUIHMH MaCCHB aJIbOHTH3HMPOBaHHbIxX UH Irpeii- 
3CHH3HPOBaHHbIX FpaHHTOB, 


VWuctHTyT MHHepasorHH, reoxHMHi Tocrynusio 
H KPHcTaJWIOXHMHH pefKHX 93JIeEMeHTOB 26 VI 1960 
Akajemuu HayK CCCP 


UWMTHPOBAHHAA JIMTEPATYPA 


1 Anaiu3 MHHepatbHoro chippA, M., 1956. 2 A.W. Tuu36ypr, YTeoxumus, Ne 3 
(1956). % »x.-Jl.-29u a, Cuctema muunepanorun, 1 u 2-H nonyrom, WJ, 1951. 
4H. E. 3anamKkosa, l. A.Cugopeuko, Tp. Mucr. munepan., reoxum. 4 KpucTa- 
‘JIOXHM. peMKHX dulemenToB, B. 4 (1960), *® A. K. Majumdar, A. K. Mukherjee, 
Naturwiss, 45, Ne 10, 239(1958). © A. K. Majumdar, A. K. Mukherjee, Annal. 
Chim. acta, 21, Ne 4, 330 (1959). * Lacroix, Bull. Soc. min., 35, 194(1912). ® Hess, 
W alls, Am. J. Sc., 31, 432 (1911). ® D. F. Wood, D. R. Scholes, Anal. chim. 
acta, 21, Ne 2, 121 (1959). 
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Jloxzagn Akagemun nayk CCCP 
1961. Tom 137, N 3 


TFEOXHMHA 


Axayemuk A. TI. BAHOFPAJIOB, A. JI. MEBHPU u 9. HW. ROBKHHA 


YBEJIMMEHME COQEP)KAHHS PAQMOYPJIEPOJA B PE3YJIbTATE | 
AJIEPHbIX ;B3PbIBOB # 


Kak celivac BbISCHAeTCA, OTMaJIeCHHbIe MOCMeACTBUA JIA HaceJleHHA aTOM=- 
HbIX H BOJOPOAHbIX B3PbIBOB OOYCJIOBJIMBAaIOTCA He TOMbKO JO/FORKUBYLLMM 
w3oTonom Sr*®, Ha KoTopbli OOpalileHo yxxe OobUIoe BHHMaHHe HcCJleqoBaTe- 
Jie, HO Take H Cl ec’ nepHofom nosypacnaga 5568 + 30 ser (',). 

IIpeqnouaraetca, 4TO B TeYeHHE OTHOCHTEJIbHO KOPOTKOrO BpemeuhH, 1—3 rosa, 
palHOaKTHBHble H30TOMbI, OOpasyloulvecA Mp B3pbiBax, Oovlee WH MeHee 
PpaBHOMepHO pacmpeseAoTCA MO 3eMHOM MoBepxHocTH. OfHako aia CM eme 
HeT JOCTaTOUHO JaHHbIX, KOTOPble MOFIM Obl YCTaHOBHTb eFO MpHpocT B «OOMeH- 
HOM OacceliHe> B pe3yJIbTaTe ATOMHbIX H BOJOPOAHbIX B3PbIBOB H XapakTep 
pacnpeyeneHua Cl* Ha noBepxHocTH Semin. 

K HaCTOALLeEMy BpeMeHH PAZOM AaBTOPOB MpoBeseHbl UCCeELOBaHHA BbISBaH- } 
HOTO AJe@pHbIMH HCMbITaHHAMM YBeMYeHHA KOHUeHTpannH Cl B pa3sM4HBIX | 
oO6bekTax (aTMocdepe, OpraHv3Max, BOJe OKeaHa) B HEKOTOPbIX TOUKAaX SemHoro | 
mapa. PesybTaTb! S3THX paOoT B OOuLeM MOKa3bIBaIOT, 4TO HayHHaA c 1953— 
1955 r. MpoHcxog_HT pocT coflep»kaHua C B aTmocdepe He3aBHCHMO OT MECTA, 
Tye ObiIO NMpowsBesqeHO AMepHoe ucMbITaHHe. YBemMyeHHe KOHWeHTpaunn Cl 
B aTmocdepe LlentpabHoi Esponpt Miounux 4 Porenb (*) onpezenusHn B3,2% 
B row 3a nepvon c 1954 r. fo cepequup 1957 r. (aHanu3 pactenuii). Je Ppus | 
(*), H3MepxAd AKTHBHOCTb PaKOBHH H MOVJIVIIOCKOB, MOJIyYH/I yBesH4eHHe KOVJIH- 
yectBa Cl B aTmocdepe Ha 4,3—5% B rog 3a Nepvog, c Kona 1953 r. fo oceHu 
1957 r. 

Bpexkep 4 Youtou (°) MpoBo_uH U3MepeHHA KOHIeHTpaun C'* B aTMO- | 
cbepHoH yruekucuote c 1955 r. no 1958 r., Hcnob3yA Kak HeNocpesCTBeHHO 
COz atTmocdepbl, Tak WH PaCTHTeJIbHbIM MaTepHa/l, KOTOPbIH OHH NosOupasn c 
TeppHtopHu CepepHo Amepuku, Esponpi, cepepHo uactH ATmaHTH4yeckoro 
okeaHa H Cpeyu3emHoro Mops. Tako wWiMpoKHH JMuana30H reorpaduyeckoro 
TIPOHCXOKACHUA OOPa3LOB MO3BO/HJI YKa3aHHbIM aBTOPaM CeaTb BbIBOL, ITO 
KOHUeHTpauua Cl* B TponochepHow yrmekucioTe CeBepHoro NnowlywiapHA yBe- 
JIHuMBaacb Ha 5% B rox MexkAy MapTom 1955 r. u mapTtom 1958 r. 

XOTA OoIbINaA YaCTb AXCPHbIX B3PbIBOB NpOH3sBeseHa B CeBepHOM MoJyuta- 
PHH, HO H3-3a CpaBHHTeJIbHO ObICTporo NepeMeWIMBaHHA ATMOCHepHON yrsieKHc- 
JIOThI MEXKLY NONYWapHAMH, B IO%KHOM NowJywWapHu TakxKe HaGwlOMaeTcA 3Ha- 
YHTeIbHLIM pocT comepxkanna Cl*. M3mepenne cogepxxanusa CM B LOxKHOM Nosy- 
WapHu, NpoBeseHHoe Padtrepom u PeprioccoHom (°), MoKa3aJio yBeM4YeHHe Ha 
6,7% 3a mepHog c KoHua 1954 go cepequHn 1957 r., T. e. ~ 2,5% B rog. 3a 
TOT Ke cpoK poct C!* B noBepXHOCTHBIX BOAax OKeaHa Obl/l OMpeesieH STHMH aB- 
Topamu 2%, 

HenaByo ony6iuKoBaHHble padotpi (‘,°) 06 onpelesteHuu KoMUeCTBa OoM- 
Oosoro C B JlaHnu vw AHPIHH NOKa3bIBaIOT WasbHeHIWHH Nporpeccup yout 
pocT cofep»kaHuA 3TorO H30TOMAa B aTmocdepe B 1959 roy (B oGeHx pa6oTax 
aHaJIHM3HPOBaJIHCb 3/1aKH). 

J1i8 nosHoTp! 0630pa HCCeLOBaHH, MOKa3bIBalOWIMxX yBeIMYeHHe cosepxa- 
Hua C B npHpogxe cieqyeT yKa3aTb, YTO MpOBeMeHI OMpeleseHHA KOMMUeCTBA 
paquoyrseposa B OpraHH3Mme YeoBeKa: B JIEPKUX, KPOBH, yIvieKHCOTe AbIXaHuA 
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”) uw Bowlocax (8). YeraHoBeHo, ¥TO GomOoBniit C!4 yxe npoHHK B TKaHH Yem0- 
eka HM 9TO yBeIMUeHHe OTCTAeT M0 BpeMeHH oT pocta C'4 B aTmMocdepe MpHMepHO 
ia 1 ron. 

Takum oOpa3om, 3a nocuequHe rofbl B OGONX NowywapHAx B aTmociepe 
(let mpupoct C™* 3a cueT AflepHbIX B3PbIBOB, KOTOPDIii B CpeqHeM cocTaBuseT 
\ Tol 2—5% K ecTecTBeHHoMy Coflepxanutio Cl B atmocdhepe, 4To o3HauaeT IpH- 
locT Ha 25—30% B 1959 r. No cpaBHeHulo c cofepxaHHem C!* B atmociepe;B 
(953 r. 

B uHacToxtlei padote Opiia nocTaBieHa 3aaua BbIACHCHHA KOHWeHTpaun 
74 B aTMocdepe MyTeM oMpeyeeHHA ero cofepxKaHHA B [peBeCHBIX TKAHAX 


Pue. 1. Bug cpe3a sacena 


DaSHBIX TOMOBLIX KOJIel MepeBa. II[pHpocT TKaHH ToOJOBbIX KOJIelL MOXKET CJy- 
KUTb YOOHbIM MaTepHasioM AVIA HeMocpeACTBeHHOrO CpaBHeHHA H jlaeT HHTe- 
PpaJIbHoe HaKOMJieHve yruiepoya 3a BeCb FOJOBOH BereTaTHBHbIN Nepvol, NpH- 
42M MOXKHO BbIOpaTb AVIA CpaBHeHHA MO6OH MpoMexKYyTOK BpeMeHH. i 
B kayectBe o6beKTa HccyleqOBaHHA Opiia BbIOpaHa TKaHb JepeBa — ACeHA 
Fraxinus excelsior), cpy6eHHoro B KoHUe HIOHA 1960 r. nog MockBoii, B 3Be- 
HHPOPOACKOM JIeCHOM xo3aiicTBe (55°47’ c. m., 37°10’ B. 4.). Bri6op sToro Bua 
lepepa Obll OOycOBsIeH OTCYTCTBHe€M B H€M CMOJIHCTbIX BeeCTB, KOTOPbIe 
MOrIM MIpHBeCTH K HEKOTOPOMY CMeLIeHHIO yrviepofa pasHbIx JieT. CTBOWI WepeBa 
(AMameTp 19 cm) Oblm pacnuseH Ha AuCKH TOMMIMHOM 2—3 cM, B KOTOPbIX Obl 
STUCTIHBO BHAHbI roLoBble KOJbiUa. OOULMH BUA cpe3a HCCIeqoBaHHOoro OOpasila 
lepeBa mpefcTaByieH Ha prc. 1, 43 KoTOporo BHAHO, 4TO TOJMMHA Mpupocta 
\peBeCHOH TKAHH MocyieqHHX JIeT MpHMepHO OfHHAKOBaA. Ilo rosOBbIM KOVJIb- 
1aM BO3pacT AceHA Obi onpeseneH B 45 eT. PogoBoe Koubuo 1960 rosa He oT- 
jeNANOCb, TAK KaK OHO HMesIO HeE3HaUNTebHy1o TomMMHY. [IpupocT ApepecHok 
rkaHH Hayana 1960 r. oTmenAJICA COBMECTHO C rosOBbIM MpHpoctom 1959 r. Beero 
BbIeeHO 15 OOpa3siloB No rosOBbIM KowbuaM OT 1959 r. fo 1945 r. BKOUNTeWIb- 
40. B nepByto ouepedb Opiio chenaHo onpesemeHuve cosepxkanua CM B TKaHH 
romoBoro nmpupocta 3a 1959-60—1953 rr., KaK MmpeycTaBuaouyue HanOoub- 

UHH MHTepec. 
| Hapecku Apepecuupl oToOpaHHblx Mpo6 BbICyWIMBaJINCbh (MaKCHMaJIbHad BUIaK- 
OCTb B roLoBoM mpupocte ApeBecuup 1959—1960 rr. Opiia 25—30%, B 1958 r. 
14%, B 1945 10%). BpicyeHHaa HaBecka MocTynaia Ha COMKEHHE B TOKE KHC- 
noposa, H3 NomyyeHHoro COz CHHTe3HpOBavIcA 9TAH MO MeTOAHKe, HCMOb3yemMou 
IpH MOMy4eHHH CueTHOrO rasa — 9TAaHa B pasMoOyrviepoHOM MeTojle aTHpo- 
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panna (1°), [Ip pasoKeHHw KapOuda KaJlbuHA, CofepxKamlero yrepok u3 06% 
pa3lOB JPeBeCHHbI, WIA NOJYYeHHA alleTHJIeHa HCHOMb30BaACh AUCTHIIUPO} 
BaHHaA apTe3sHaHCKan BONA (M3 CKBaKHUbI riyOnHOK 160 m), 4TOObI H36exKaT 
3aPpxA3HeHHA TPHTHeEM, Tak»Ke OOA3aHHOrO AEpHbIM B3pbiBaM. 

O6bI4HO B TOJIbKO 4TO pH} 
TOTOBJICHHBIX Fa3ax OOHAPyKU- 
BalOTCA CJlebI paoHa HW po 
JLYKToB ero pacnaga. na yer 
paHeHHA OWIMOKH, BHOCMMOL 
PaqoHOM, [a3bl  BbI.eprKHBAa-fp 


“foo 
240 
200 


- JIMCb repel H3MepeHvem Bi 
120 CTEKJIAHHbIX COCyax XpaHeHHgAl 
t He MeHee 25 yHeH, T. e. 6B— 
A nepHogxoB mnojypacnaga R 
2 40 (Ts), = 3,82 aus). . 
VUsmepenna akTuBHocTu Cl}, 
0 vcclelyemoro ra3a — 9TaHah 
40 IpOBOAMIHCb B Mponopuvo- 
HaJIbHOM C¥e€TUHKe BHYTPeHHe-) 
60 To HanoviHeHvaA C OObeMOM) 


oKovIo | A NpH AaBleHun rasak 
B Hem 2 aTM. Takum oOpa3om, jf 
Puc. 2. Tpaduk ysenuyenua cogepwanna Cl! B Bg OHI OObemM cCuUeTUHKal 
TOQOBHIX KOubIlax aceHa (IlommocKoBbe) BBOLMMOch 24r yruiepoga. Un-| 
CTbI CUeT COBPeMeHHOFO yruie- 

pona (mepepo 1878—1908 r.) coctrapnan 23,5 umn/MuH. Don cueruuKa 10,3) 
umn/MHH. DdbpekTuBHocts cyeta 8-C! Gpria oKoso 100%. Bea 9neKTpoHHo-cuert- 
Had anmapatypa HW IKPpaHHpoBaHve MpPONOPWMOHaAMbHOrO C4eTEMKa OMNMCAHbI 
B pa6orax ('%*), Wamepenne | 
KaxkKoro oOpa3sila MpousBoAN0Ccb Yoo 
2 pa3a c HHTepBaviom B 10 7HeH, 


1878-1908 1953 1954 1955 1956 1957 1958 1959 196024 


MIpHuemM KaxKloe H3MepeHHe JJIH- 230 
JOCb OKOIO CYTOK (pe3yJIbTAaTHI 240) 
coBiayaJiv). 
B xkauyecTBe COBpeMeHHOrO 200 
cTaHapTa, OTHOCHTeIbHO KOTO- bone 
poro MpoBO,vucb cpaBHeHHA = 
aKTUBHOCTeli ucculelyembIx npo6 & 120 
JIPeBeCHHbI, OblIa HCNOUb30BaHa i 
JpeBecuHa Oepe3p! 30-seTHEerO BO3- 80 
pacta, cpy6neHHas B 1908 rofy Ha 
mlossyyoctpope Kamuarxa. 40 
PesyJibTaTbl W3MepeHHA ak- 
TuBHocTH Cl* yraeposa B mpobax : eel ar 
JIPeBeCMHLI ACe€HA MNOKa3aHbI Ha CN RATES CU EATS RCECE | 
puc. 2, ACM mnpegcraBasner pas- IESE T5OS BB a 1956 S57 TSS TESS TIC e ae 


HUY M@KAy AKTHBHOCTbIO MpoO Puc. 3. Pocr Konuentpauun Cl! B armociepe. | 
TOAOBbIX IIpHpPOCTOB HW BbIOpaHHbIM J—Hamu annie, 2— (5), I—(*), 4—(), 5— 
cTaHapTom (HyJIeBOH YypOBeHb Sy ear | 
Ha pic. 2). Kak BHHO M3 Mosy- 
YeHHOH KPHBoH, Cosepxkanve C'* B ApeBecHHe TOMOBbIX KOJI, ACeHA pesKo 
BO3POCJIO 3a MocuegqHHe 4 roga (c 1956 no 1959—1960 rr.). Sto yBennuenue 
‘CocTaBJIAeT B CpeqHeM 5,5% B rox. AKTHBHOCTb ApeBeCHHbI TrosoBoro Npupocta 
1953 Tr. J@KNT HeCKOJIbKO HWKe HYJIeBOrO ypOBHA, YTO MOXKHO OOBACHHTE 
«IIPOMBILLICHHbIM 3dcdekKTOM» (pasOaBieHHe aTMoctbepHOH yIrJeKHCJIOTH He- 
AKTHBHbIM yIJiepOkOM B pesyJIbTaTe HHTCHCHBHOTO COMKMKCHHA rid HW Hebi 
3a TMOCJI€RHHe HeCKOJIbKO JECATKOB Jet). 

Takum o6pa3om, culeqyeT OTMETHTb, YTO yBeJIM¥eHHe KoMYecTBa Cl B Ape- 
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secHHe roxoBoro mpHpocra Aepesa IloqmMockoBba, ABMBUeecA CuleCTBHeM pocta 
fOHLeHTpanuu C'* B atmoccepe 3a CueT AMeEPHbIX MCMbITAHHM, COCTaBUO K JeTYy 
‘960 r. npumepHo 30% no oTHoWeHHIO K ypoBHio 1953 r. Sto KosMuectBo UC- 
cyccTBeHHOoro (GomOozBoro) C! He aBaaeTcA mpeqembHbIM. Poct KomuectBa C!4 
MOXKET NPOHCXOANTb B TeYeHHe KaKOFO-TO BPeMeHH UH 3a CUeT MepeMeleHHA ero 
3 Tpomocdepy 3 cTpaTocdepbi, re HMeIOTCA HekoTopble 3anacpi Cl. 

Ilepexoaa Kk BbIBOLaM, MbI MOXMKEM CKa3aTb, ITO MOJYYeHHbIe HAMM aHHIe 
3 OOMLEM XOPOLIO CoBMaLaioT MO XapakTepy mpupocta C™ u TeHeHUMM K MOBbI- 
HeHHIO C JaHHbIMH Apyrvx uccseqoBaTeneh (cm. puc. 3). TlockompKy pa3Hpie 
IBTOPbI CepyT AIA CBOHX HCCIeEOBaHHH pasHbie OObeKTHI: COz2 Bo3qyxa, Kap6o- 
1aTbl CKEJIETOB MOPCKHX OPraHH3MoB, pacTeHHA,— HeBOJIbHO BO3HUKAaeT BOMpOoc 
6 yueTe acdekTa pa3sfeseHHA H30TONOB yrsieposa, HaNpHMep, npH coTocuHTese. 
A3BeCTHO, UTO Np PoTocHHTese HapyillaeTcs OTHOMIeHHe C!?/C!8 B cropouy Goutb- 
Hero MOrOWeHHA Jerkoro u3z0ToNa. Uto Kacaetca C B nponecce PoTocHHTesa, 
tO KoadduLLHeHT (ppakWHOHHpOBaHHA TpHOMxKeHHO paBeH 2 AC}*. Torga culeo- 
3aJ1I0 OMKNMLATb YMCHbINeHHA Npupocta C™ no WaHHbIM AIA pacTeHul no cpaB- 
1€HHIO C NapaJIebHbIMH JAaHHbIMH 110 COz aTmocdeppi. Mexkay TeM H3 aHHbIX, 
IPHBeJeHHbIX Ha pHc. 3, BUAHO OOpaTHoe — OdsbIIad TeHJeHILHA K NOBbILIeHHIO 
oepskanua CM yaa pacTHTebHOro MaTepuaa, 4eM AIA aTMoctepHOH yrmeKuc- 
HOTHI. OueBHAHO, dc:pdpekT cenapauuu C'* npn cdboTocuHTese CKpbIBaeTCA LWIMPOT- 
ibIM S:pPeKTOM, T. €. 3ABHCHMOCTHIO OT reorpadHyeckoro MecTa B3ATHA OOpasila. 
S03MO2%KHO TAK%Ke BJIMAHHE BPeMeHH (Ce3OHHOCTL) B3ATHA MpoOObl B Pa3HbIX LIH- 
DoTaX JWIA pacTeHHit. 

Tlostomy Mbl CuHTaIM Obl MpaBHJIbHbIM PEKOMeHJOBATb NOMb30BaTbCA JIA 
MpeweseHua mpHpocta C'* B «oOmMeHHOM OacceliHe» OAHHM cTaHapTom — 
[peBecHHow JepeBbes. MmeHHo OHH MpescTaBsaoT coOol AoKyMeHTbI 3anHcH 
soflepskaHua C!* B aTmoctepe 3a AJIMHHbIM NepHol BpemeHH. 

ABTOpbI BbIpaxkaroT OmarogapHocTb B. E. Mockanesoii 3a coBeTbi No BLIOOpy 
IpepecHoro MaTepvasa ua uccnefopanua, B. M. Kytiopuuy, J. ©. Ppau- 
tyzopy uw P. B. BpoucKot 3a yuactue B oT6ope sToro MaTepHauia.| 


Tocrynuno! 
21 1961 
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Jlokxxann Ankaywemun Hayk ccCcP 
1961. Tom 137, Ne 3 


rEOXHMH Ah 


WM. WM. JIOMALIOB 


O HEKOTOPbIX 3AKOHOMEPHOCTSX PACIIPENEJEHHA FEPMAHU SE 
B YI JIEHOCHbIX OTJIOKEHH SAX ; 


(IT pedcmaeaeno axademuxom JI. H. Ilep6axoeoum 18 X 1960) 


0) 
C 1959 r. B ja6opatopHu neTponoruu yraia Muctutyta reosoruu u paspa ' 


OoTKH roprouux ucKonaempIx AH CCCP npoposatcs wMpokuve uccneqoBaHush 
PpacceAHHBIX YIOJIbHbIX BKJIOYCHHH B Pa3/IM4HBIX OCAOUHbIX OOpas0BaHHAX, 
PaOota 97a, BbINOJIHAeMaA NO pyKoBogcTBom mpod. M. UW. Ammocopa, saBusaer- 
ca KommsekcHoi. [lomumo Apyrux TIpoOsleM, OHA BKJIOUaeT, B YACTHOCTH, BONpoeh 
O reOXHMHH repmaHua. B sto Cpa3u HaMU Opll COOpaH KaMeHHbIM MaTepuas U3) 
KePHOB pa3BeOUHbIX OYPOBbIX CKBaxKHH OMHOFO 3 YFOJIbHbIX OacceiHOB Cc Ta- 
KHM paCueTOM, YTOObI NOJIHEe OXBAaTHTb YIvIeHOCHY1O TOVJILLy MO BCeM ee CTpaTH-] 
“ae oe rpaduueckHM ropH30HTam HW 30HaM MeTamopdbu3-} 
ma. Bpiio ompoOopaHo 42 CKBaxKMHbI B pa3sJIM4-}, 

HbIX “acTAX OacceliHa. . 

B wally 3afayuy He BXoqus0 HCccreqoBaHHe| 

paOounx MlacToOB yIvid, KOTOpble ycneliHoO H3y-} 

WaIOTCA Pa3BeJOUHbIMH OpraHH3allMaMyH. Tpo6srh 

OTOHpaHcb H@aMH 3 OTJe@bHbIX BKJIOUCHHH| 

yIit, TOHKHX (HeCKOJIbKO MMUJJIMMeTpoB) ero} 

Af KKK K OC T MAA QuH3 HM MpocmoeB, YrOMbHbIX NacTOB Hepadouedt } 
PELL od MOILHOCTH, a TaK2Ke 3 BMeLaIOULHX Nopog (mpe-| 
HMYULCCTBEHHO KPOBJIH H NOUYBbI), COMeprKalllHx 

Puc. | Hamenenue wactotsi repMa- yronpHoe BeIeCTBO B paCCeAHHOM COCTOAHHH. | 
HHHCOep Kalu X mpo6 B yrviAx Highone 
pasHol CreneHH MeTaMop(H3ma pe Noleporo MaTepHala, KPOMe aBTopa,y 
mpHuHwmMaiu yyactrue C. VW. Manunnu: 'v} 

B. B. Koctukopa. Bcero oro6paHo 533 o6pas3-} 

Ila, H3 KOTOPbIX ObIIH MpPHPOTOBJeHbI NpoOOL! WIA CNeKTpaibHoro Nosykounye- 
CTBeHHOrO aHamH3a. Pesy/ibTaTbl HCCMeLOBaAHHH MpHBOAATCA HMKe. | 
XapakTepHCTHKa FepMAHHeHOCHOCTH TeX UJIM HHbIX OTJIOMKeHHH oMpelemser- 

CA He TOJIbKO COLepKaHveM FepMaHHA B OTJeENbHOM Mpobe B aOCOMIOTHbIX BeJH- 
ynHax. BaxkHo TakxKe 3HaTb YMCJIO MpoO, HMeIOULHX MOBbILLMeHHbIe€ KOHILEHTpAallHH | 
3TOTO 3uIeMeHTAa. Takoe 4HCJIO, BbIPAXKeHHOE B MpOWeHTax K OOWLEMY KOJIMUECTBY | 
HCCJI€QOBAHHbIX TpoO, MbI Ha3bIBaeM OTHOCHTeIbHOM YaCTOTOH repMaHHicosep- 
2KaWlUX Mpo6 WIM MpocTo yacToToH npoo. Bcero npoaHasH3supoBaH yroub 458 
mpo6, 43 KoTopbIx soma yruei 118 mpo6 noKasana noBpmueHHce (oKo.Io 0,001 % | 
M Oovubuie) cosepxanwe repMaHvx. OTHocuTesbHadA YacToTa repMaHHiicojep-_ 
*"KAULHX Mmpo6 coctaBseT 26%, a MAKCHMAJIbHBI€ KOHIeEHTpallMH TepMaHus | 
B 30/1e yrieH MHOrga JocTuraiT 0,1—0,3%. 
IJonyyeHHbli MaTepHasl yKa3biBaeT Ha HepaBHOMepHoe pacmpesemenue rep- | 
MaHHA Ha TeppHTOpHA OacceliHa M B BeEPTHKaIbHOM HalpaBJeHHM, NO CTpaTu- | 
rpacbw4ueckMM TOpH3OHTaM yrvieHOCcHOH Tou. Han6osiee %Ke YeTKO NpOABsAeT- 
CA 3aBMCHMOCTb COfepx#KaHHA TepMaHHA B MpoOax oT cTeneHH MeTamMopdH3mMa 
yruid HCCIe€QOBaHHbIX OOpasiios. JLia yruieH HaMMeHbIWel CTeNeHH MeTaMoOp- | 
(pusma (puc. 1) uacrora mpo6 paBya 61%. B 6onee meramopdu3oBaHHbIXxX yruiax 
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‘epMaHHit BCTpeuaeTCA perme; B AHTpPallMTaX YacTora MpoO c repMaHHeM CocTaB- 
[aeT mMuIb 9%. Mmerorcs, npaBla, H MCKJNIOYeHHA, HO OHM pedKH. 

SaBMCHMOCTb KOHICHTpalHH TepMaHHA OT cTeneHH MeTaMopdu3ma yrua 
\ObACHAeTCA, 10-BHHMOMY, TeM, 4TO B Mpolecce H3MeHEHHA yrouIbHOroO BeUlect- 
‘a T1O, MeEMCTBHeM BbICOKOFO AaBJIeHHA HM TeMMepaTypbl MpOucXoLHT MoTepaA rep- 
tanua. Kak yKa3pipaior Cageukuii H DéenbyzBapu-Bora (*), oGoramjenue yraa 
‘epMaHHeM M JPyrHMu 9JIeMeHTaMM MpOMCXOAUT B CTaqHIO OOpasoBaHHA Toptdba 
[ B Hayae yrieoOpasoBaHHA, T. e. CBA3AHO C AHareHe30M OpraHH4ecKoro Be- 
yecTBa. JlaibHeHuine H3MeCHCHHA OpraHH4ecKHX BeleCTB yA, MpOucXosAulHe 
} Mpomeccax 9mureHesa HM MeTamopdu3ma, Mo ZaHHbIM M. VW. Ammocosa, umewrT 
\OULyIO HaMpaBJIeHHOCTb B CTOPOHY KpucTasusalHH UX. II1pu 9ToM Mpoucxo- 
MT riyOoKad MOJIeKyJIAPHaA MepectTpolika OpraHHyeckoro BellecTBa H 3apox- 
CHHe MHOPOUHCJICHHIX WeEHTPOB KPHCTAMWIM3alM, BHAYaJe COCTOAILUX 3 JBy- 
[epHbIX, a 3aTeM, MIPH JasbHeMIWeM pocTe HX, TaKKe H3 TPeEXMePHbIX PelleTOK 
TJIepOMHbIX ceTOK. B mpotecce STHX H3MCHEHHH yAbTPaTOHKOH CTPyKTypbl Op- 
aHwyeckoro BellecTBa, No JaHHbim B. MW. Kacarouxuua ('~*), ymenpuraeTca 
JIMHa OOKOBBIX lene, HAXOJALIUXCA B Bue OaXpoMb! Mo NepHdepuu KOHJeHCH- 
(OBAHHBIX CeTOK yruiepofa. C yMeHbIIeHHeM JVIMHbI OOKOBbIX Meme 4acTb Ha- 
OMAULHXCA B HHX ATOMOB, B TOM YHCJie H ATOMOB repMaHHA, YXOLUT U3 yrs 
' Bue Taz00Opa3Hbix BEelLeCcTB. 

VutepechHo mpocuiequTb H3MeCHCHHE KOHICHTPalHu-TepMaHHA B 3aBHCHMOCTH 
T XapakTepa BKJIOUeHHH yroubHoro BellecTBa. IloqpoOHow kmaccuduKkalun 
THX BKJIOYCHHH NoKa He cymecTByeT. Mp pa3yesmeM HX YCOBHO Ha Be Goub- 
Ime rpynnbl: MepBuYHble H BTOPpHYH ne. 

K MepBHYHbIM OTHOCATCH TaKHe BKJIIOUCHHA, KOTOPbIe OOpa30BasIucb Ha 
(ecTe OTJOMKeEHHA PacTHTebHOrO MaTepHasa. Tlocmeq_HHH MoxeT OpiTb: 1) obyr- 
'CHHbIM MOJIHOCTbIO, T. €. Ha BCIO rylyOHHY MpecTaBseHHOH B OOpasile uacTH 
acTeHus; 2) oOyrvieHHbIM 4aCTHYHO, TOJIbKO C MoBepXHocTH; 3) MoMHOCTHIO 
(HHep aJIH30BaHHbIM. 

BTopHuHbIMH Ha3bIBaloTCA TaKHe BKJIIOUCHHA, KOTOPbIe OOpas0BaJIHCb B pe- 
YJIbTaTe MepeOTJOKeHHA MpeBpaTHBUIerocaA yxKe B KayCTOOHOJIMT BelLecTBA. 
}KJIOUCHHA STH HMCIOT Pa3MePbI OT KPYMHbIX, BeJIMYHHOM B HECKOJIbKO CaHTH- 
TPOB, AO M@/IbYaHUIMX YaCTHL, HAXOMAWLHXCA B TOHKOpacceaAHHOM COCTOAHHH. 

Bpicokan uactota mpo6 (36%) cBa3aHa c oOpa3iaMu, mpescTaBJeHHbIMH 
(OHOCTbIO OOYIIMBUIMMHCH paCTHTeJIbHbIMH OCTaTKaMH. Ciofa OTHOCATCA Hu 
OHKHe Mpocsou yria. B vacTH4HO OOyrJIeHHbIX PaCTHTeJIbHbIX OCTATKAaX 4aCTO- 
a mpo6 coctaBneT 17%, a B PaCTHTeIbHbIX OCTATKAX, MOJIHOCTbIO MHHEpaH30- 
@HHbIX, repMaHHit He OOHapyxKeH. HarayubIM KOHKPeTHbIM MIpHMepoM MOXKET 
NYKUTb OHH H3 OOPasiloB, MpecTaBJICHHbIM OOJIOMKOM OKaMeHevIoro cTeOuA 
aCTeHHA, XOPOWO COXpaHUBIero CBOIO CTPyKTYPy, MeCTAMH CHJIbHO MHpHTH- 
HpoBaHHoro HM MOKpbiToro KopoukoH 1—2 mm yrvia. B mpo6e, usroToBJieHHoH 
3 yrOJIbHOrO BelllecTBa 3TOFO OOpasila, 3a:pHKCHpoBaH TepMaHHH B KOIMYeCTBE 
,01—0,03%; B NomHOCTbIO MHHepaH30BaHHOK YacTH cTeOJIA TepMaHHH OTCYT- 
rsyeT. Bo BropHuHbIxX OOpasoBaHHAX yd uacToTa npo6 cocTaBuseT 13%. 

Takum oOpa3om, oOoraleHHe repMaHHeM CBA3aHO C HaJIMYHeM yroOJIbHOrO 
2ecTBa. ITO, OMHaKO, He O3HAaYaeT, YTO C YBEJIMYeHHEM MOULHOCTH yroJIbHOrO 
qacta KOJIM¥eCTBO repMaHHa OyfeT yBennunBaTECA. HaoOopot, Kak ycTaHoB- 
€HO MHOFHMH HCC/IeMOBaTeIAMH, YM TOHbIUe MWacT yrvid, TeM, KaK IipaBHuo, 
SJIbITyIO MOXKHO B HEM OXRKMMLATb KOHIUEHTPallMio repMaHHA. OOpscuaetca (°) 
TO TEM, YTO TOHKHe MiacTH! POpMHpoBaJINCb B 9MOXY HeycTOHUMBOrO pexkumMa 
2IMMEHTALLH, re Hapsy c ocaqKOHaKOMJeHHeM Oo/IbUIoe pasBuTHe MpHoOpe- 
ANU TAKKe HW Mpollecchl 9po3Hu, PusHyecKOrO HM XHMMYECKOFO BbIBeETPHBAHHA. 

Y BeJIMMeHHe BbIHOCA MpOLYKTOB BbILeaUMBaHHA B paHOH HaKOMJIe€HHA yroulb- 
oro BellleCcTBa MpH OMHOBpeMeHHOM COKpalljeHuM MyTeH Murpaluu cnocoOcr- 
yeT MOBbIWICHHIO KOHUeHTpaluH repMaHHA B BOMaX, MATABUIMX TOpPAHHK. 
MecTe C TEM, TOHKHe MacTbl (POPMMPOBAaJIHCh B YCJIOBHAX ObIcCTporo 3axXopoHe- 
WA TOppAHUKAa, YTO BeeT K Pa3BUTHIO AHASPOOHbIX, KBOCCTAHOBUTEJIbHBIX» 
COBHU, OMArOMpHATHBIX JIA HAKOMJIeHHA TepMaHHA B yrue. 
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B cpere BbICKa3aHHbIX CoOOpaxKeHui OCOOeHHO BaXKHbIM CTAHOBUTCA USyHey 
Hue BCeX yIvienposBeHHii B yrieHocHo Tome. N3ayuenne pacnpocrpaHeHuA 
repMaHHA B YFOJbHbIX BKJIO“CHHAX HB CAMOM YIJIEHOCHOH TOJILe HMeeT OOJIbLLOE, 
Hay4Hoe HM MpakTHuecKoe 3Ha4eHHe, TAK KaK aeT BOSMOMKHOCTb BbIABUTb YCJIO+ 
BUA WM MacuiTaObl HaKONMJIeHHA TepMaHUA B YFOJIbHOM BeILeCCTBE. 


VWncrutyt reoorHH HW pa3spaOoTKH TroplouHxX HCKOMaeMbIx Tlocrynuso 
AxkayemHu Hayk CCCP 17 X 1960 


WUMTHPOBAHHAA JIMTEPATYPA 


1B. HW. Kacatouxun, Usa. AHCCCP, OTH, NY, 1321 (1951). *# B. HW. Kaca 
rouKkuu, JAH, 86, N 4, 759(1952). *B. HW. Kacatouxun, Mss, AH CCCP 
OTH, N 10, 1401 (1953). 4E.Caneunkuit, M OénbgaBapu-Bora, Peds 
wKypH. reon,, Ne 1, 676 (1956). 5 A.B. Tpasun, Feonorua u reopusnka, Ne 2, 57 (1960). 
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WTornage Akayzqemun nayrk CCCP 
1961. Tom 137, Ne 3 


OKEAHOJIOPHA 


B. A. EPOLJEB-LIAK 


KAOJIMHHT B OCARKAX ATJIAHTHYECKOPO OKEAHA 
(IT pedcmaeaexo axademuxom H. M. Cmpaxoesim 19 X 1960) 


[MHHCTBIC MHHepadibl B OCaqKax ATMaHTH4eCKOrO OKeaHa H3y4aIMCb KOM- 
l€KCHbIM MeTOJOM, BKJIOUAIOLNLMM PeHTPeHOBCKHH (KOJIMYeCTBeHHbIIi) aHaJiH3, 
PMHYeCKHH, ZIEKTPOHHOMMKPOCKONHYeCKHH, ONTHYeCKHU, XHMHYeCKHH aHaJH- 
I, a TaKKe ONpeseneHve HX COPOWMOHHOH eMKOCTH. 

B HacTosijei paOoTe NpHBOLATCA pe3y/bTATbI H3Y4YeHHA PacnpocTpaHeHHA 
AOJMHUTAa BO dpakuuH < 0,001 mm B ocagKax ATaHTM4ecKorO OKeaHa, 

KaoJIMHUT ABJIAeTCA HavOovlee paciipocTpaHeHHbIM M3 PIMHUCTbIX MHHEpaJOB 
NOBEPpXHOCTHOM CJloe OcaKoB. OH xXapakTepH3yeTCA XOPOUIO BbiIparKeHHbIMU 
apnekcamu 7KX (001); 3,5 kX (002); 1,49 KX (060) (Ta6.. 1). 

Ha KpHBbIX HarpeBaHHA KaoJlli- 
UTa (PHKCHPYIOTCA XApaKTePHble JA 
ero acpeKThI: SHLOTEPpMHYeCKHH NpH MexnsockocTHble paccTOosHuA MHHepasoB 


50—600° u sk30TepMuyeCKHi OKOVIO @pakuun <0,001 mm 
100° (OpHeHTHpOBaHHBIe Mpenaparnl) 


Ta6Oauna 14 


Tloz SJIEKTPOHHbIM MHKPOCKOINOM Cranyua Ne 391 |Cranuusa Ne 385 | Cranuua Ne 372 
HHep al NpeACcTaBJieH THMHOYHbIMH 


| 

IA K@OQJIMHHTA [TeKCarOHabHbIMH / | da, xx | 1 | d, xX | Te dink 
MacTHHKaMH. 

CpeqHufi MoKasaTeb mpesomue- 
4A KAOJIMHUTA U3 ocalKoB ATaH- 1) 14,22) | 4 | 14,22 | : 
MeCKOrO OKeaHa KOJeOueTCH B Ipe- . Bic a Be - Woe. 
sax 1,554—1,556 (kpacHbiii cBeT). 2 | 4,7281|°4| 4.9350] 31} 4,8924 

CopOuvoHHaA eMKOCTb KaOJIHHH- 2 | 4,3845 | 6) 4,4678|.8'|  4,4502 
| HECKOJIbKO 3aBbillieHa BBUy NpH- 2 | 3,8285 ) 1] 3,8621) 5 | 38,8624 
3CH TAKHX MMHepaJioB, KaK MOHT- Se Cee ka are te 

‘ 4) 3, 2427 9} 3,3264 9 3, 3074 

IPHANOHHT WH ULHT, H paBHa 9 3,19841 8 3,0006. 
i—40 moxB Ha 100 r dpakunu 3 | 2,5006| 6| 2,5847| 5| 2,5484 
°0,001 mm. 4 | 9,2967 |) 2| 2,a775} 2) 2.3453 

B ocagkax ATjanTuueckoro oKea- é Moves 2 ey sg CE 
a Bo pakuun <0,001 mm nocogep- 49 | 1,6452| 9| 41,6612] 9 | 41,6838 
@HHiO KaQJIMHHTA BbI,eAeTCA MATS 8 | 1,4690] 8] 41,4951 | 10 | 41,4844 


we (puc. 1) *. 

MakcumaJibHble KOHIeHTpalluu KaosMHUTa (> 80% of cokeprKaHHa Tn- 
ICTbIX MMHepasioB BO dpakunu < 0,001 mM), TanyuHecs or AdpHkKancKoro 
aTepHKa M Ramee MpuMbiKaioulMe K IOxHO-AMepHKaHCKOMy MaTepHKy, yKa- 
IBaloT Ha OIM30CTb MCTOUHHKOB CHOCa KaOJIMHATOBOrO MaTepHaa, Takumi 
‘TOUHUKAMH CHOCA ABJIAIOTCA JIATEPUTbI HU JATePHTHbIe MOYBbI, PpacMo/O*KeHHble 
Tponuyeckux oGacTtax Adpuku uw lOxwHOoK AmepuKku. 

Peku Tponuyeckux oGmacTeli XApAaKTePH3yIOTCA MOBbILICHHbIM MOyJIeM TBep- 
wo croka (50—100 t/km?) u BbIHOCAT BO B3BCLICHHOM COCTOAHHH OOJIbIOe KO- 
THeCTBO MpOAYKTOB JaTepHTHOFO BHIBETpHBaHHA (KaoNMHUT). Tak, AMasoHKa 


* KoMuecTBeHHad OleHKa PIHHMCTEIX MHHepaOBOCyULeCTBIAIAaCh CpaBHeHHeM HHTeCHCHB- 
eTeli pedaekcos O01 o6pasuoB Cc 9TaJIOHHbIMH. 
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Puc, 1. Pacnpeyesenve KaOJMHUTa B MOBeEpXHOCTHOM CyI0e OCaqKoB ATJaHTHYeCKOrO OKeaHa BO 

dpakunn <0,001 mm: / — 80%, 2—60—80%, 3—40—60%, 4—20—40%, 5—<.20%, 7—9 

6 — HalpaBuleHve MOCTyMWIeHHA MaTepHasia B OOAaACTH AKKYMYJIAUHH; CTaHUHH 9KCNeqHUHOH4 
HBIX CyoB: 7 — «Muxani Jlomonocosy, 8 — «CexoB», 9 — «Merteop» (4) 


@KeroqHO BBIHOCHT oKOJIO | Mapa T mMpofxyKToB, Koxro 58 mauT, Hurep 
67 maH T (’). 

IlpolykTb! aTepHTHOrO BHIBeETPHBAaHHA, BbIHeceHHbIe Kourou HurepomsAT- 
JIAHTHYCCKHH OKeaH, pasHocsATCA cucTeMoH TeyeHul (CeBepHoe OKBaTOpHaJb- 
Hoe HW IOvKHoe OKBaTOPHabHOe) B 3aMalHOM HanpaBusenuu. Ilomumo nepeme- 
IlCHHA KaOJIMHUTOBOrO MaTepHasla Ha3BaHHbIMH TeYeHHAMH, pa3Hoc ero ocy-4 
ULCCTBIAeTCA TBUXKCHHEM TeMJbIX SKBATOPHAMbHBIX BOA B CTOPOHbI OT 9KBATOPA 
O 30H CyO3KBaTOpHabHOL KOHBeEpreHUM, XapakTepH3ylouluxcaA omycKaHveM 
TeIJIbIX BO], H aJIbHeMLIMM BOSBpallleHveM UX K 9KBaTOPy Ha rsyOuHax Jo 100— 
200 m (*). Takada QuHaMUKa Bo OOycIOBAMBaeT pacmpocTpaHeHHve KaOJMHHTA 
¢ ycToH4uHBol KOHWeHTpanHei > 80% B SKBaTOPHaJbHO 4YacTH Jo 30H cy6- 
SKBATOPHabHOH KOHBepreHuHH. Ha cxeme pacnpeyeyieHHA KaOJIHHHTAa CeBep 
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iad rpaHuua noma > 80% coBnajaeT c 30HOl Cy69KBaTOpHasbHO KOHBepreH- 
uM (25° c. WI., ceBepHee cTraHiuu Ne 366). 

Ha 3anajle MaKCHMaJIbHbIe KOHUECHTPallMH KaOJIHHUTA He JOXOAAT JO 30H 
OHBeEPreHIMA BBY BHEAPeHHA B STOT PalioH C CeBepo-3anasa PIyOMHHbIX BOL, 
eCyULMX Apyrow TIMHACTHI MHHepas (HHT). 

K wry oT skBatopa y IOxHo-Amepukanckoro matepuKa IOxHoe Sxpatopu- 
JIbHoe TeyeHHe MepexoyuT B BpasusbcKoe TeyveHue. MakcuMaJIbHbie KOHILEHT- 
aH KAOJIMHUTAa B OCaKaX OTMeYAIOTCA B MPOeKIHH ITOFO TeueHHA, MOBTOPAA 
IOBOPOT ero tio wiMpote 16°30’ to. m., 1ox*KHee crannun Ne 386. 

Tlanenve cojlep2kaHus KaOJIMHHTA B OCaKax, PpaCMOsOx*KeHHbIX y 3anaqHoro 
epera Adpuku, CBA3aHbI C MPOHHKHOBEHHeM C ceBepa Bod riyOuHHoro Cesepo- 
\TaHTMYecKOrO TeyeHHs ('), HeCYUHX HJHTOBbI KOMMOHeHT, CHMKaIOULMi 
(OHILEHTpaiwio KaoMHUTA. TlonmKeHHe CosepKaHHA KaOMHMHUTAa BO (ppakIHH 
< 0,001 mm B ocaykax 10%KHee 9KBATOPA, NO-BHAMMOMY, TakiKe CBA3aHO C IIpo- 
[MKHOBeHHeEM BOM, MIPHHOCALIMX HJIVWIATOBbIM MaTepHal. 

¥Y Bpixoga u3 [uOpantapcKoro mpomBa Ha6mMOaeTca MOBbIMIeHHOe Ccosep- 

KaHHe KaOJIMHUTA NO CpaBHeHHIO C OKPYXAaIOWLHMH OCa,KaMu. ITO yKasbiBaer 
ia BbIHOC KaOJIMHUTAa B COCTaBe CpeH3eMHOMOpCcKHX Bo. JLelicTBUTeJIbHO, 
PAHHIbl MOA KOHMeHTpalui KaomMHUTA OT 60 Zo 80% coBnagarioT c rpaHuimamu 
JACIIPOCTpaHeHHA CpeM3eMHOMOPCKOH BOMHOH Maccpr (*). OrpanvueHHoe pas- 
sHTHE MOJIA Ha CeBep (fo 44° c. uI.), Mo cpaBHeHutO C’ BOAHOM Maccoli, Mo-BUH- 
fOMY, OOYCJIOBIMBaeTCA NaeHHeM KOHUCHTPalHi KaOJIMHHTa B Bose B MIpo- 
ecce C€EMHMeHTALHH MaTepHasia, a TaK2Ke BJIMAHHEM HJVIMTOBOrO CcHOoCa c Espo- 
lelickoro MaTepHka. 
- Tlouoca ocaykos c coflepsKaHvem KaOJIMHHTa Bo cdpakuuu < 0,001 mm go 
0% , HauMHalonasdca oT JlamaHia W NpocTuparomlascsa B Oro-3aNaqHoM Harpas- 
IeHuu Jo 30° 3. nm. (cranmua Ne 358), cBa3aHa C BbIHOCaMH KaOJIMHHTOBOFO Ma- 
fepHasia ruryOHHHbIMM Boyamu Jlamanuia. 

B ocaykax BoKpyr bpuTaHcKHXx OCTPOBOB KOHILCHTpallud KaosMHUTA Jo 60% , 
10-BHJLHMOMY, OOpas0Baacb 3a CUeT CHOCA KaOJIMHHTA C 3THX OCTPOBOB. 

Bosbulaad 4acTb ocaKOB OKeaHa CosepxKUT BO dpaKkuuH < 0,001 mm or 20 
yo 40% kaonMHuTa. STO— paccesHHbIli KAOMMHUT, Pa3HOCHMBIii CHcTemol mo- 
3€PXHOCTHBIX H IyOMHHbIX TeYeHHH M3 9KBATOPHAJIbHOK YaCTH OKeaHa HM YacTH4Y- 
10 B HeOOJIbINMX KOJIMYeCTBaX CHOCHMbIi c EppomelicKoro MaTepHka. 

Tlone c cofepxKaHuem KaouHHuTa < 20% mpuypoyeHo K BYyJIKaHHYeCKOH 
30He Ou3 AsopcKux ocTpoBoB. Hu3KHe KOHIeHTpalHA KaOJIMHHTA B OCayKaXx 
TOTO PaloHa OOYCJIOBJIMBaIOTCA MOBbILICHHLIM COepKaHHeM MOHTMOPHVJIJIOHH- 
fOBOrO KOMIMOHEHTA. 

V3 paccMoTpeHHa CXeMbI paciipesesieHHA KaOJIMHHTA B IVIMHHCTOH PpakuuH 
caqkos ATMIaAHTHYeCKOrO OKeaHa BHAHO HaMuHe OOacTeH AKKYMYJIAWMM 9TOFO 
wMHepata HW oOOslacTe paccedHHA. OONaCcTH aKkKYyMYJIAWHH HemocpescTBeHHO 
IPHMbIKaIOT K OOACTAM CHOCA KaOJIMHHTOBOTO MaTepHaa (Mole KaOJIMHUTA 
3 SKBATOPHAJIbHOK YACTH OKeaHa) WJM MpHypoueHbl K MeCTaM NOCTYIWIeHHA Ma- 
fepHaa W3 OO/IacTeH C NOBbILICHHbIM COfepKaHHeM Ka@OJIMHUTA, HAXOMAMLUXCA 
3HE CeMMeCHTAUMOHHOrO OacceliHa (AKKYMYJIAWHA CpeH3eMHOMOpCcKOrO MaTe- 
jMana, BbiHeceHHoro JlamaHuem). 

Ilona KaomMHuTa, .XapakTepH3ylouvecA CiaqoM KOHICHTpalHi MMHepaia 
3 ON|PeeICEHHOM HalipaBJICHHH HIM MpeseIbHO MaJIbIMM YCTOMUYMBLIMM KOHILeHTpa- 
IMAM MMHepasa, MpescraBaior coGol oOmacTH pacceAHHA KaOJMHUTa. Oru 
)O1ACTH OXBATHIBAIOT OOJbIIYIO YaCTb OKeaHAa HW TeHeCTHYCCKH CBASAHbI C OOWACTA- 


AM AaKKYMYJIALMH. 
Tocrynuso 
25 IX 1960 


IMTHPOBAHHASA JIMNTEPATYPA 
1Bc. BepesKkuu, Jivnamuka mops, JI., 1938. *H. M. Crpaxos, Bios. 
KOU, org. reon., 35 (3) (1960). 210. M. Wloxaapbexku ii, Oxeanorpapua, JI., 1959. 
“K. Correns, Wiss. Ergebn. Deutsch. Atlant. Exped. «Meteor», 3, Theil 3 (1935). 
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Jloxnann Akafemuun nayrk CCCP 
1961. Tom 137, Ne 3 


OKEAHOJIO‘U 4 


H. H. CbICOEB 


K H3Y4EHMIO MPHAOHHOH 3OHbI B OKEAHE 
(IT pedcmaeaeno axademuxom H. M. Cmpaxoeoim 30 IX 1960) 


B cepepHoii uacru Tuxoro okeaHa, orpaHvyenHol 20° c. WI., BO BpeMA OCeH 
He-3HMHero Mepvogza 1958—59 rr. B 29-m pelice skcneqHuHOHHOrO cyfHa «Bu 
TA3b» ObIIH BBIMOJIHEHbI paOOTbI, KOTOPble HMeJIH IeJIbIO H3y4eHHe MpHOHHO 
30HbI. [Ip sToM B MecTax COopa mpo6 H H3MepeHHH B 30HE «BOa — FpyHTF 
MPOH3BOLUJIHCb: MOAPOOHHIN IXOJIOTHbIN Mpomep, PoTorpadupoBaHke Ha, c6op} 


Puc. 1, Mecromosoxenke craHunit (yKa3aHbl §HX HOMe- 
pa), Ha KOTOPBIX MpOH3BOAHHCb H3MepeHHs B- NpHOH- 
HOH 30He 


o6pa3siloB PpyHTa H AOHHOK dayHbl, COop MmpoO Bobi id XHMH4YeCKHX AHaJIM30B 
HW H3MepeHHu TpospadHocTH, H3MepeHHe TIpHAOHHOH TeMMepaTypbl WH NpHAOHHBIX 
CkopoctTeH TeyeHHH. 

Mccneqopanun mpousBesenbt Ha 18 crannusax (pc. 1). Patou pa6or Ha Kax: 
OH W3 CTaHUHH Opi orpaHHyeH mvomlayqbio B 5S—30 Km?. Orpanwuenne mec 
H3MepeHHi MW KOOPANHALHA UX MOMORKeHHA FOCTHTAJIMCh C MOMOIML{bIO JerKAX 
AKOpHbIX OyeB. [lonowenve OyeB B OKeaHe IPH STOM ONpeeANOCh ACTPOHOMH- 
ueckH. He MeHee Tpex onpefeieHvl MecTONOJIOKeHUA OyA B TeyeHHe CyTOK,| 
Kak IIpaBHJio, OOeCNeYHBAaJIM TOUHOCTH He HHKe 1,5 MHVIH (B CpezHem 0,8 mvuIn).| 

IIpu paOotax npoobi rpyuta O6paiucb TpyOKaMu HM AHOYepNaTesAMu, MpoOpt 
OeHToca — HOYepNHaTeAMH HM Tpaslamu, NpoOb! BoAbI — SaToMeTpamMu HM rpyH- 
TOBLIMH TpyOKamMH. Temmepatypa Bohl U3MepANaCb ONPOKHABIBaIOM,MMUCA Tep-| 
MOMEeTPpa4MH, KOTOPbi€ IIPHMCHAJIHCh HIM Ha OaTOoMeTpax, HIM Ha ciemHalbHon 
AaBTOMATHYECKH BKJIOUAIONLeHCA POJIOBKe, YKpelJICHHOH Ha NpAMOTOUHOH rpyH- 
TOBOK TpyOke. Js u3MepeHHA CKOPOCTeH TeYeHHH B MPHAOHHOM CJice Ha TOIOB- 
Ke [pyHTOBOM TpyOKM HCHOMb30BasaCcb CHelHasbHad BepTyuika. CueT OOOpoTos | 
poTOpa BepTYLIKH MpOWSBOAHJCA C MOMEHTA BXOXKMeHHA TPyOKH B HO M pekpa- 
IaJICA pW Hayase Noybema TpyOKuU oT WHA. [lomomweHHe pHOopos No rayOuHe 
ONpeeAOCb OTHOCHTeIbHO AHA. Jina STOW WeH MpHMeHAJIMCb YCTpOHcTBa, 
BKJIOUAeMbIe B padoTy Mp BCTpeye C JHOM (FpY3bI-pasBeQ4YHKHU C pHluaroM, aky- 
CTHYeCKHe HHMKATOph! NocTHKeHHA WHa). [lonomenve npHOopos B NviaHe onpe- 


698 


HEMANOCh PALMOOKATOPOM OTHOCHTeJIbHO OyeB ¢ yYeTOM Haksiona Tpoca. Ha 
pic. 2 NokasaH npHMep MviaHa yyacTKa Ha C yKa3aHHem MecTonoJOKeHHA Oya, 


MecTa B3ATHA THAPONOrMyeCKOH Cepuu, rpyHTOBO TpyOKH, cotorpadupoBanua 
HHa WU WyTb Tpaia. 


132° 16’ 
v 
: 
. Teg 1s (ho 
#560 400 L) ~ 
24°54" A | S eke 4360 } 3 
ea 

@4 
vi 

18° ite 16” 


Puc. 2. Cxema pempetba AHa H MeCTa HeEKOTOpbIX H3MepeHHii B NpUAOHHON "sone, 
BITIOJIHCHHBIX Ha CTanHuHH No 4249. / — mecto 6ys, 2 — oTocbemKa Ha, +3 — 
MyTb Tpana, 4 — TpyOka, 5 — ruypouormueckaa cepHA 


AvaJ1u3 MOulyueHHbIX B 29-m pelice «BUTA31» aHHbIX MOSBOIMJI Chen aTb cJ1e- 
[yIOulHe BbIBOJDI. 
1. Penbecb qHa cepepHoii uactu Tuxoro okeaHa, 3a HeOO/IbUIHMyNCKJN0UeHHeM, 
ieCbMa CHJIbHO pacuieHeH. Pembed 7 u3 18 yuacTKoB OKeaHCKOro Ha IVJIOWabIo 
-—30 km” umMeeT pa3HocTb oTMeTOK K 500M u 
ionee. Ha 5 cranuuax oOHapyxXeHbI yuacTKH, 
iMeroujve JHO B cpesHem (Ha 100 Mm) c HakJio- 
‘OM GouIbite 35°. 
2. BeneycTBve 3HauHTebHOM pacumeHeHHo- 
TH pesbeda Ha H3MepeHHA UU pe3yJIbTATbl 
HaJIM3a Mpo6 u3 MpHAOHHON 30HbI OANOM Hi TOI 
ce CTAHUMM JaioT 3aMeTHble pasiMund. Hanpu- 
ep, mo paG6otam «ButTa3a», KomM4ecTBO OeH- 
9ca B IWeCTH OJMHAKOBbIX MO pasMepam JHOuep- 
ATCJIbHBIX MpoOax, B3ATHIX Ha MYTH MpOTAxKeH- 
ocTbio 40 km, KovleOanocb: 2,96; 2,16; 1,86; 
04; 4,84; 2,88 r/m* (maTepuampi 24-ro peiica). 
"CTAHOBJICHbI TaKxKe PasIMYHA B PH3UKO-XHMH- 
2CKUX XA@pakTepHCTHKAX TpoO BOI, B3ATHIX Puc. 3. Kpuspie pacnpegesenna 
0 BnaqvHaX H Ha BOSBBIINeCHHOCTAX [Ha B He- agg ATs: i lipaaonnos 
aleKOM yasleHHu pyr oT Apyra. an atl he orca ai 
3. [Ho okeaHa Ha OombummHcTBe “3 18 cTraH- 
ai MOKpbITO MapraHieBbIMH KOHKPelHAMH, KO- 
\pple UHOrAa 3aHuMaioT Yo 50—60% nuomaqM Ha HM pacnpocTpansaioTca B 
WILLY OCAaKOB. 
' 4, Kpuppie Temnepatypp (¢) — dyHKWHA TutyOMHEI MecTa ee H3MepeHHit 
7), MOCTPpOeHHBIe JIA CeBepoO-BOCTOUHOM UaCTH OKeaHa, OrpaHHyeHHOH palic- 


k 14* 699 


: 


4 
q 


Hom 145° 3. 4. uw 20—50° c. u., HW KPHBbIe KOMMYECTBA KUCOposa, Coepxamlero- 
ca B Boge (O2) — tbyHKuHA PIyOHHEI MecTa ero H3MepeHH NOSBOJAIOT CheaTb 
CNCLYIOULHE BbIBOLBI: 

a) Kpuppie ¢ = f’ (H) aaa rayOunnoro caos of 2,7 Jo 4,5 KM 4 IA TIpHyoH- 
HOrO CJIOA 10 H3MepeHHAm B 30HE O—3 M OT AHA OOHap YKUBAIOT pasimaue B 
0,04°—0,05° (pce. 3); mp sTOM MpHOHHEIe Bob Teriee ryOMHHIX, 4YTO, Be- 
POATHO, CBA3AHO C TENMJIOBbIM MOTOKOM OT JHa; 
6) KpuBple Oz = ["(H), NocrpoeHHble aHaJOrH4Ho 
KPHBbIM TemlepaTypbl (pwc. 4), MoKa3bIBaloT 
cTeneHb OOe{HeEHHA KHCJIOpoyqa B NpHOHHOH 
30He O—3 M NO cpaBHeHHiO C KHCJIOposoM, Cco- 
Jlep2KalluMcA B TvIyOHHHbIX BOMaX; HaGvO,aer- 
CA yMeHbiweHHe pa3HocTH (AOz) mpH yBeun- 
yYeHHH TJIyOMHbI (B MMJJIMMeTpax Ha JIMTp): 


3000 m 3500 m 4000 m 4500 m 5000 m 
Oz B TOME BoA 2,58 2,88 3,14 3,35 3,62 
Oz y Ha PAESY? DEOaE, 294. Seog 
AO, 0,26 O24 _ OF20 0,16 0,14 


SBleHHe YMeHbINCHHA KHCOpoya B MpHyOH-} 
HOM 30He CBA3aHO C MpoleccaMH OKHCJIeHHA Op-} 
raHHuecKOro BelleCTBa B BePXHHX CJIOAX ocal- 

20-25. ~——«30 Maja KOB HM TOTpeOeHHeM KHCIOposa MOHHOH cay- 

Ce HoH. OWHAaKO NloTpeGsleHHe KUCOposa cayHou By 

Puc. 4.” Kpusue pacnperenenus 2@HHOM Cay¥ae MrpaeT MeHDIIyIO POs, NO 

no rmy6uHe pacrsopenuoro Kuc- CKObKY dayHa B paloue cOopa aHamusupye- 

opoza: J —BnpHqoHHoH 30He MbIX MaTepHaJIOB He3HaYHTeJIbHa HW, KaK mipa-|! 
(O—3 M or Ha), 2—B ray6uH- pBywio, MeHbue 0,05 r/m?. 

WORE OE OER 5. IlpospayHocTb BOsbl, H3MepeHHaaA B He 

MOCpeACTBeHHOH OJIM30CTH y Ha HM Ha paccTos4 

Huw 5 Hw 10 M oT Hero, aa BO3MOXKHOCTh OOHAPy2XKHTb pesKOe YMeHbIMeHHe) 

MpO3pauyHocTH BOIH3H Ha. 

6. Co6paHHblit MaTepHad He MO3BOJIMJI BbINBHTb KAKHX-JIHOO 3AMeCTHBIX CBs- 
3eH MexKLy PusHuecKuMH (TeMMepaTypa, Mpo3payHOCcTh) H XHMHYeCKHMH (KHCJO 
pod, cbocsartni) 3eMeHTaMH, C OHO CTOPOHbI, H OOMIHeM OeHTOca — c Apyrou 
[Ip 9TOM CueqyeT OTMETHTb, ITO MOCKOJILKY KOJIM4eCTBO OeHTOCa Mperxkye Bcer 
3aBHCHT OT OpraHHyecKOro BeLeCTBA, COMep2%xKalllerocsd B BEPXHUX CAHOAX PbIXJIbI 
JOHHEIX OCAKKOB, HEOOXOLUMO, Np H3y4eHHH 3OHbI BOA — FpyHT, NpOBOLUT 
KOJIMYCCTBEHHbIM y4eT HM ONpeesATb XapakTep opraHuyecKoro BelllecTBa. 


MucrutyT okeaHOuOrHH Tlocryn“s0 
Akayemuu HaykK CCCP 2 1X 1960 
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Woraagn Akagemunu nayr CCCP 
1961. Tom 137, Ne 3 


CT HCTOJIOVH 9 


T. C. HBAHOBA 


K A®®EPEHTHOH HHHEPBAILMM BEPETATHMBHbIX 
CIJIETEHHH 


(ITpedcmaezexo axademuxom B. H. Yeprueoecxum 3 XI 1960) 


Ilpu u3y¥eHuH HHTPaMypadbHOH HepBHOM CHCTeMbI KHUIeCYHHKa MbI OOHapy- 
KHJI OOJbIUICe KOJIMYECTBO YYBCTBUTEJIbHBIX OKOHYAHHH B AayIPOAXOBCKOM CIIvie- 
TeCHHH TOHKOM KHUIKH KOUIKH. OKkoH¥YaHHA UMeJIH, KYCTHKOByIO (opMy. 

B cBOHX UCCeqOBaHHAX MbI MOJIb3OBaJIHCb METOJOM MeTHJICHOBOH CHHH B 
OpurvHasbHoU mponucu Jlorena. OO6bekToM ucceOBaHHA Obl] TOHKHKM KHWEe- 
HHK B3POCJIbIX KOLIeK. 

Ha ToTasibHbIx Npenapatax pH HexKHOH OKpacke TaHrIMO3SHbIX KJIETOK H 
MX OTPOCTKOB OTYCTJIMBO BLICTYNAIOT OTIEJIbHbIC APKO-CHHHE BOJIOKHA, KOTOPHIle, 
KaK MOXKHO HaOI0LaTb Ha puc. 1, MHOrOoKpaTHO JUXOTOMMYeECKH JeATcA. Bos- 


HHKUIHe B Ppe3syJIbTATe FeJICHHA BeETOUKH, MpoweslaB onpeevleHHbiit NYTb, 3aKaH- 
—se4, 


Puc. 1. Monuganentuoe 4YBCTBUTeIbHOe’ OKOHYAHHe B aya9pOaXOBCKOM CIIJIeTeHHH TOHKOTO 
KHWeUHHKa KOWKU 


HMBarOoTCA KOMMAKTHbIMH KYCTHKAMHM B TaHrIHAX ay2pOaxOBCKOro CMWeTeHUA. 
KoneBble O/IAINKH TepMHHAJIbHbIX BeETOUeK JIeKAT Ha MOBEPXHOCTH KJeTOK, B 
PAM UM COCMMHUTEIbHOK TKAHH ranridaA. Hepeqko MoxHO HaOwUOaTb, Kak OT- 
I€JIbHbIe BETOUKH KYCTHKa, MOKHaA TaHrHu, WawoT OKOHYAHHA B MbBILUIeUHON 
TKaHH KHIUNeCGHUKA. 

_ Ha pue. 2 orsermuBo BpictymaeT oHO addbepeHTHoe BOJIOKHO, KOTOpoe 
OOpasyeT HECKOJIbKO YYBCTBHTeIbHbIX OKOHYAHHHM BHYTpH y3uia. 
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Puc. 2. Uyscrsntesbubie OKOHYaHHA KyCTHKOBOrO THNa B CTBOJAX HM raHriHAx ayasp6axoBcKoro 
CmvJieTeHHs TOHKOrO KHIeYHHKa KOLIKH 


Puc. 3. Toukuit ornem Kume4yHHKa KoWKH. UyBCTBHTeIbHbIe OKOHYaHHA B ay93p- 
OaXOBCKOM CIlvieTeHHH 


. 

B kpymHpix ranriuax ayspOaxosckoro crvieTeHHA (pc. 3) 4acTO MOXxKHO 
aOJNOLaTb SHAYHTebHOe KOJIMYeECTBO atpPepeHTHbIX BOJIOKOH, KarKoe U3 
OTOPbIX OOpasyeT YYBCTBHTeEJIbHbIC OKOHYAHHA KYCTHKOBOrO THIIA. 

OrjleuIbHbIe BETOUKH KYCTHKA pachoNaraloTcsA B MbILMeYHOM CJ10e, B PviHaIbHOH 
KaHM HMHTPaMypaJibHbIX TaHTIWeB H HA HePBHbIX KJIeTKAX. 

Ha ocHoBaHHH MpHBeeHHBIX MATePHaJIOB MOXKHO CieaTb 3aKJIOUeHHe, TO 
EllenTOPpbl MHTPaMypaJIbHOH HePpBHOH CHCTeMbI KHUIeCYHHKA ABJIAIOTCH He- 
P€MeCHHbIM KOMIIOHCHTOM BereTaTHBHOM CHCTeMbI MHULCBAPHTeJbHOrO TpakTa. 
B orienuitie WM OMMCaHHbIe HAMM YYBCTBUTEJIbHBIC OKOHYAHHA B TaHriuAXx aysp- 
AXOBCKOPO CIWIeTCHHA ABJIAIOTCA MOJIMBaJICHTHDIMH TpHOopamu. 

BHYyTpHy3JIOBbIe PelleNTOPbI HMeIOT CMHHAaJIbHOe MponcxomeHHe, Kak 93TO 
OKA3bIBalOT HALIM OMbITbI C BbIJIYeCHHeM CIMHHOMOSFOBBIX y3,10B ('), HO MoryT 
OSHHKHYTb “UaCTHYHO MH 3a C4UeET MECTHBIX pelleMTOpHBIX KleToK II Tuna JLo- 
ena (*). 

PesybTaTbl HallHx MccIeqoBaHH cormacyloTtcA c aHHpiMH H. [. Ko- 
ocoBa (*) MO HHHepBalHH MHUeBapHTeIbHOrO TpakTa MJICKONHTAIOULUX H 
Hopetmmumu jlannpimu VM. A. Taneesa (°). 


: 


Vuctutyt du3noornn um. Vi. II. Tlapnosa Tocrynusio 
. AxajlemHH Hayk CCCP 31 X 1960 


IIMTHPOBAHHASA JINTEPATYPA 


17,.C. Asanosa, JAH, 105, Ne 3(1955). #2T.C. Hpanosa, Tp. nayun. 
OHdep. 10 mpobIemaM (PHSHOJOrHH HW NaTOJOrHH NHWeBapeHHA, NOCBALWIEHHOH MaMsTH akaje- 
uka K. M. Brixosa, Vpanopo, i960. *H. Tl. Komocos, JIAH, 133, Ne 3, 686 (1960). 
VW. A. Tanees, Bonp. mopdhosornu nepndbepuueckol HepBHO!i cHcTeMBI, B. 5, Muxcx, 1960, 


rp. 95. 
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Hornagn Akagqemun mayr CCCP 
1961. Tom 137, Ne 3 


H. H. 303 u usen-Koppecnonment AH CCCP H. TI. TYBHHHH 


XMMHYECKOE NOJIYYEHWE MYTALLMA Y NWEHML 


MOJIOKEHO B HACTOAULee BPeEMA B OCHOBY PasMallHOHHO CeeKIMH, H XMMHYECKHe 
MYTAFeHbI, KOTOPbIe OOMALAIOT HCKJIOUHTeEILHOH SdpdeKTHBHOCTHIO HM B psAe Cily-hj 
yaeB CHelHu4HnocTHIO JeHcTBHA. OAHaKO flO HaCTOAUIerO BpeMeHH XUMMYeCKHes 
MYTAreHbI He OblIM JOCTATOUHO WHPOKO HCNOALSOBAII B CONCH KYJIbTYPHbIXh} 
pacreuun. 

OcHoBHbie paOoTH, OTKPHIBINHe COBpeMeHHOe HalipaBseHHe MCceqOBaHHH} 
MO XHMHYeCKOMY MyTareHesy, ObIIH BEINOIHeHEI B. B. Caxapospi (*) H 3aTemi 
ocobeHHo ycnemtHo HM. A. Panonoptom (7). Ilocne nosBneHua sTHX padoT pat 
3apyOexKHBbIX UcceqoBaTenel — I]. Ayap6ax (*), M. Becrepoopa (*) u ap., 
noyBeprvid mpo6semMy XuMHYeCKOrO MyTareHe3a yCHJieHHOH pa3spaOorKe. | 

Bce 3TH HccuieqOBaHHA ObIJIH BbINOJIHEHbI B MepBylo OYepedb C AposoHvion, } 
a 3aTeéM — C MHKpoopraHu3mamH. B nocweqHHe Fosbl MOABHJIOCb HECKOJIbKO pa-} 
OoT NO BJIMAHHIO XHMH¥eCKHX MYyTAareHOB Ha BbIcwIMe pacteHua (°-’). Cpenut 
BeLWeECTB, OOaaiouluX BbICOKHM MYTAreHHbIM JeHCTBHeM, OOJIbILyIO H3BeCT-} 
HOCTb NOJIY4HJI STHJICHHMHH, MYTareHHoe JeHCTBHE KOTOPOrO B OMbITaX C 1 po30-F 
(busoh Obwio oTKppiro HM. A. Panonoptom (°). 

IIpegctapisao Gobo MHTepec H3Y4HTb BJIHAHHe IJTHJCHHMHHA Ha NOSB- 
JI@HHe HACJICNCTBCHHBIX H3MCHECHHH Y OCHOBHOM MpOMOBOJIbCTBeEHHOH KYJIb- 
TYPbl — MIMWeHHILbI. 

OMbITbI C STHJICHHMHHOM ObIM MpoBeeHbI C TPeMA O3HMBIMH cbopMaMH Timle- | 
HHYHO-NbIPeHHEIX THOpHAoB (n.1.7.): Ne Ne 1, 24 uv 82, nonysenHpmu H. B. Ln- 
unHpim a ®, JJ. KppokanoscKum, ¥ sposoii cbopmoli n.n.r. Ne 22850, nosmyueH- 
Hol H. B. Uununpm uv A. A. Parynunpim. Yka3aHHpe PopMbI HMeIOT OOuIb- 
Wy!O XOSAHCTBeHHY!O WeHHOCTb, TaK 1..r. Ne 1 patonupoBaH B page oOnacTen 
CCCP. Ognako KaxkKaa H3 HHX UMeeT H HEMOCTaTKH, H3 KOTOPbIX aBHbId — 
nomeraHHe. 

PaGorta Oplia HauaTa BecHoH 1959 r. CemeHa spoBoro ..r. ObliH o6pa6o- 
TaHbl PaCTBOPOM STHJICHHMHHA HenmocpeCTBeEHHO Nepey MOCeBOM, O3HMBIe O6paba- 
TbIBAJIHCh Tepe APOBH3AaLHeH, KOTOPad Mpoxoyua B TeyeHve 55 AHeli B XOJIO- | 
QuibHuKe mpw +] — +2°. Cyxve cemena ypomxas 1958 r., pasmepom 2,4— 
2,6 MM, IIpHOIM3HTeEMbHO OMMHAKOBOM BJaKHOCTH MOpyXKaJHCb B pacTBOp 3TH- 
JIGHHMHHA, Te OHM OOpabaTHIBaTHcb B TeueHHe 24 uacoB mp Temmepatype 20°. 
Hcnoub30Baicb KOHUeHTpalun sTHeHumuHa 0,04 u 0,06%, ascbdeKTHBHOCT® | 
KOTOPbIX H3BeCTHa Mo paOoTamM c suMeHeM (°,”). | 

B Hallux Mpe{BapMTesIbHbIX OMbITAX STHJICHUMHH B 9THX KOHICHTpPallusAx, He | 
BJIMAA Ha BCXOMKECTh, JIMMIb CerKa 3aepKUBAI MpopacTaHve CeMAH HM BbISbIBAMI | 
B TI€pBbIX MUTO3AX KOPeUIKOB OKOIO 20% XpOMOCOMHEIX TepecTpoek. | 

Cpe pacreHuii, BbIPOCHIMX H3 CeMAH, OOpaOoTaHHEIX STHeHHMHHOM (My), | 
He HaOJlOfLalocb CKOMbKO-HHOyb 3aMeTHbIX ykJOHeHHi. TIpou3onino 
JIMilb HEKOTOPpOe BO3pacTaHHe CTepHIbHOCTH HBeTKOB c 0,74 + 0,08% y - 
KOHTpos Fo 3,0 + 0,06% y onpiTHBIx pacTeHnit. 
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Tlockompky oOpaOoTKe noyBepraivcb cemMeHa, TO KOJlocbaA pacteHui Mi 
WOJDKHbI ObWIM ObITb WeJIMKOM HJIH YaACTHYHO TeTepO3HTOTHBIMH M10 HOBbIM My- 
TalluaM HM, CJleOBaTeIbHO, yxKe B Mz MOxKHO ObIIO OMKHAATH BHILLeMIeHHA TOMO- 
surot. Bmecte c TeM, Tak KaK HCHOJb30BaHHbIe (OPMbI MMIeHHIL ABIAIOTCH Wac- 
THUHBIMH Tekcanvionfamu (2 = 42), uacTb MYTAILMM -JouKHA BbILLeMIATECA 
4 B Ooee NO3THHX MOKOJICHHAX. 

V3 500 onpirnprx cemeti m. m. r. Ne 22850, 138 cemet n. nu. r. Ne 138, 116 
ceme n.n.r 1 u 44 cemet n. n. r. No 24 y kaxgoro pacrenusn Mi oTgqebHO 
ObIIH TMOCeAHbI 3epHa H3 OMHOFO-ByX KOCJIOCbeB; KOHTPOJIeM CJYKUIM Ce- 
meHa 43 500 cemeli Kao dopmp!. B Me Onisi0 BhIABeHO OoubIIOe KOJMYeCTBO 
MyTalHMi. OOulee KOMYeCTBO TeTepo3HTOT NO MyTalLHAM Cpe pacTeHHit, BBI- 
pocwuHx M3 oOOpaOoTaHHbIX CeMAH, KOJIeOaIoch. MO OTIeIbHbIM CopTaM OT 7 
fo 35%, Np NoOWHOM OTCYTCTBHU MYTALLHi CpeqH KOHTPOJIbHBIX pacTeHHii 
(ra6n. 1). 

' Hawn6ouee uacTo BO3SHHKaJIM “eTLIPe KaTeropuuH MyTaiuH: 1) speKkTOHAL — 
HM3KMe PpacTeHHA C MVJIOTHBIM KOJIOCOM H TOJICTOM COOMOH, 2) CHesbTOHAI, 
3) ocTucThie H 4) nNosyocTpie dop- 
Mur. Uactb pacrenuit Me Opin toa- 
HOCTHIO CTEPHJIbHBI, Y APYTUX CTE-  Koueurpa- 
pHbHOCTS flocTurasa 56—70%. Tlo-  uanstuzen- 


Ta6auna 1 


Uncno rereposuror cpeyxu 
pactenni M, (B %) 


ABHIMCh M [pyrue oTpulaTerpupie “5 %) | Ne dd | M4 | M 82 2850 KOH: 
M3MeHeHHA. OnHako 60JIbUIMHCTBO patie 
pacrenuit Me XapakTepH30BasI0Cb 0.06 hye diligg aslen ack 
HOPMaJIbHOM MokoButocrh1o. Muxo- 0,04 \Hae,0 ue) tees ube be 2. 0 


He H3 BOSHHKIWHX MYTALLHit MMeIOT 

XO3AHCTBCHHYyt0 WeHHOCTb. Cpeqv HHX OUCH HHTepecHbI PaHHe- H MOsAHecHeNble, 
KpyNHokouocble, HH3KHe M KyCTHCTHIe pacteHuaA. Kyctuctpie PopMb!l OCOOeHHO 
wacTo BO3HHKaIM yl. m.r. Ne 82. Y nekoToppix pacTeHHl NpoyKTHBHAaA Kyc- 
THCTOCTb CocTaBana 25 BMecTo 2—3 B HopMe. PaHHe- MU NosAHeCHeJIbIe BOSHH- 
KaJiH C OMMHAKOBOM UACTOTOM y BCexX HoMepos. Bee cnebTOHAb H KOMMAaKTHEIe, 
Kak paBusio, Obl no3sqHecnesbimu. HusKux pacTeHHi BOSHHKJIO MHOrO y 
mn. m. r. Ne 1; Bricora HeKOTOpbIX H3 HUX cocTaBasma 59 cm BMecto 120 cm y 
KOHTPOJIbHbIX PaCTeEHHH; KOJIOC MPH STOM OblJI HOPMAJIbHO Pa3BHT. 

BosbuioH Xo3AHCTBeHHBIN UHTepec MmpecTaBJIAIOT OpMbl C KOMMAKTHBIM 
KOJIOCOM HM TOJICTOH COMOMOM, MOCKOJIbKy Take (aCTeHHA, KaK MpaBMJio, OTIMH- 
WaIOTCA OOJIbUIOH YCTOMYMBOCTHIO K NOJieraHHIO H KPOME TOTO YHCJIO KOJIOCKOB 
Y HHMX 4acTO Bbillie, YeM Y CTaHapTa, nNoveMy Ha KaxKbI KOJIOC NMpHxoLUTcH 
Gonbuie 3epHa. B cpeqHem oOulHit Bec 3epHa C TaKHX KosIocbeB Ha 15—20% 
Goble, 4eM y cTaHAapTa. DTH PopMbl 3aMeuaTeJIbHbI TaKXKe TeM, YTO BLICOTA 
HosroHa y HHX MOYTH BCera AOCTHTAeT BHICOTHI PiaBHOro MoOera, YTO MO3BOUINT 
OOJeCrUHTbh MeXaHH3HpoBaHHy!o yOopky ypoxmkada. 

Kyctuctple, panHecnevipie H pyrve PopMbl TaKxXe MOFyT HMeTb XO3AHCTBEH- 
Hoe 3HaueHHe. CresbTOHAb!I NpeACTaBIAIOT OoMbIWONM HHTepec WIA THOpHAN3a- 
HHH, MOCKOJbKY MHOrHe H3 HHX HMeIOT KpyMHoe cTeKOBNAHOe 3epHo. Takum 
00pa3oM, OoJIbilad YaCTb MOMYYCHHLIX W3MCHCHHBIX pacTeHHi MpesCTaBsAeT 
HHTepec He TObKO TeopeTHYeCKHH, HO HM AIA CeIbCKOXO3AMCTBCHHOM MpakTHKH. 


Mucrutyt 6uiomoruueckoli (pH3HKH Tlocrynus10 
AkanemuH HayK CCCP 6 XII 1960 


UHMTHPOBAHHAA JIMTEPATYPA 


1B. B. Caxapos, Brox. xypz., 1, Ne3, 1 (1932). * HM. A. Panonopt, JIAH, 

58, 1, 119 (1947). ? C. Auerbach, Biol. Rev., 24, 355 (1949). *M. Westergaard, 

Experientia, 13, 224 (1957). °F. D’Amato, A. Gustafsson, Hereditas, 34, 

181 (1948). ®L. Ehrenberg, A.Gustafsson, Hereditas, 43, 545 (1957). 

(iL. Ehrenberg, A. Gustafsson, U. Lundguis, Hereditas, 45, 351 (1959). 
VW. A. Panonopt, JAH, 59, 119 (1948). 
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Hornuagn Akaxemun nayk CCCP 
1961. Tom 137, Ne 3 


BHOPH3SHKA 


Uneu-koppecnonnyent AH CCCP C. 3. POPMHHCKHM un C. 9. WIHOJIb 


BOSMO)KHOE OB bACHEHHE AHOMAJIBHbBIX BHOJIOTHUECK HX 
H30TONHbIX ISMEKTOB, HABJIFOMAEMBbIX BD.O' HW H,0' 


MsmMeHeHHA KOHCTaHT paBHOBeCHA H CKOpOcTeli OObIUHBIX XHMMYECKHX peak- 
HH, OOyCJIOBJeHHbIeC H3MCHCHHAMH H3OTOMHOLO CocTaBa (H30TOMHbIe sdppekTbl — 
Hu. 9.), BMOIHe OObACHHMbI Ha OCHOBAHHM CTaTHCTHYeCKOH TeOpHH paBHo- 
BecHH MH aOcouIOTHEIX cKopocteii (',”). Ja asoTa, yriepola, cepbl, Kaa, 2e- 
sesa (3-7) vw. 9c). OWOXHMM4eCKHX NpoOleccoB B XWKHBLIX OpraHv3Max OOBIMHO 
He IIPe€BOCXOAAT BeHUHH, PaCCUHTAHHbIX JIA AHAJIOTHUHbIX XHMHYeECKHX UH 
(PH3HKO-XHMHYECKHX TpOWeccoB, MpOBOAHMbIX 6e3 MHOFOKpaTHbIX NOBTOpeHHH, 

M13 QOBOeHHDIX HCCJIELOBaHHH BJIMAHHA DeO Ha KH3HEMECATEIbHOCTh BOSHUKJIO 
ipescTaBleHue O06 AHOMAJIbHO BbICOKOH YYBCTBHTeEJIbHOCTH KHBbIX OpraHH3MoB 
K 3aMelleHHi0 B cpefe H wa D 4 Onl CyeaH BHIBO O HEBO3MOXKHOCTH [eJleHHA 
KJI€TOK lip anekoh ot 100% 3amene H na D. B nocequee Bpema 9TOT BOMpoc 
ObIJI BHOBb HcCcyieloBaH B paye pao (’,%, 1°, ), npHuem HeKOTOpble OA HOKJIe- 
TOUHbIE MHKPOOPraHH3Mbl OKa3aJIHCb BIMOJIHe YKH3HECNOCOOHbIMH arKe IPH 3a- 
MeLLeCHHH B HHX BCero BOOpoa, yruiepofa, a30Ta H KHCOposa COOTBETCTBeEHHO 
Ha D, C¥8, N! yon OF (7°). B atTHx carydaax, MO aHANOrHH C H30TOMHbIMH aTo- 
MaMH MH MOJIeKYyJIaMH (*,1), MOXKHO ObIIO ObI TOBOPUTb 06 «H3OTOMHbIX OpraHH3- 
Max». OWHako Ip epeHoce HeEKOTOPLIX H3 BHOB BosopocuieH (’,'°), HampHmep 
mpekcTaBuTeseli poxos Chlorella u Scenedesmus uu Gaxteput (Escherichia coli) 
(7,1°,11), HMeIOILHX e€CTECTBEHHbIM H3OTOMHbI COCTAaB, 13 OObINHOM BOJbI B BbICOKO- 
KOHIeHTpHpoBaHHyio D2O (70—100%) cnepBa HaOmioqaeTcA cBoeoOpasHBIi 
NOJHBIH HH YaCTHUHbI «aHa6uo3». B nepBom cyly4ae KJIETKH MOJIHOCTbIO Tpe- 
KpalllaoT pacTH H JeHTbCA, H STO COCTOAHHE MOXKET AVIMTLCA WeECATKH H COTHU 
yacoB *; BO BTOPOM CJIy4ae Oovlee HIM MeHee 3Ha4HTeJIbHaA YaACTb KJIETOK BO 
BpeMA «aHaOHOTHYECKOrO NepHoa» NpoMowMKaeT pacTH, He AeACb, H MOXKET Jo- 
CTHraTb PHraHTCKHX Ppa3MepoB, MPH KOTOPbIX OHH MO OObeMy B AeCATKH HM COTHH 
pa3 IIpeBbILIalIOT HOPMaJIbHbIe KeTKH. UacTb KeTOK MpH 9TOM MorMOaer. OL- 
HaKO MO MpOwlecTBHH OMpeseseHHoro NepHosa, pa3sHuHOrO AIA pasHbIx opra- 
HH3MOB, IPpOHCXOANT aanTalua B HeOOLIMHON Cpese, H BbOKHBIMMe KJIeETKH BHOBb 
HagHHalOT HOPMAJIbHO pacTH Hu AenuTbcA. TloroMcTBO KJIeTOK-rHraHTOB MocJe 
HECKOJIBKHX JlesIeHHH BHOBb MpwoOperaeT HOPMAJIbHbIe pasMepbl. Takue Ke aHa- 
OvOTHYeCKHE ABJICHHA HaOsOLaloTCA pH BO3BpanleHHH B H2O kuieTOK, aalTH- 
PpOBaHHbIX K H30TOMHO yHcToH DeO. VB stom c1yyae Yepes ONpeseeHHOe BpeMA 
IIPOMCXOLMT OOpaTHad ayantayHa. AHaOvo3 pH pe3sKomM nepexoge oT H20 
K D20 uw oOpaTHo, paBHO Kak H MpsAMyt!o MH OOpaTHyio alantauio, Heb3A OODsAC- 
HHTb OObIMHbIMH H3OTOMHBIMH 9pcdpeKTaMU, TaK Kak B pa3sOHpaemoM CJly4dae KJeT- 
KH pearupyioT He Ha H30TONHbIM COCTaB Cpefbl, a Ha ee pacxor* enue C M3OTOI- 
HbIM COCTABOM OpraHH3Ma. 

Ha nepsplii B3ria, KaxKeTCA BO3MOMKHbIM OOBACHHTh «H3OTONHIN ahaduo3» 
HapyllieHHeM IIpH 3aMeHe H30TOMOB BOOpoa TeoMeTPHYeCKOrO COOTBETCTBHA 
Makpomovliekya1 JLHK, PHK uu Genka B xojle, NO-BHAMMOMY, MAaTpH4YHOrO 0 
MeXaHH3My lpomecca pasMHoxwenHua (’,°,4). CrpykTypa 9THX MakKpoMouJleKyJI 


* B Heyuete sToro «aHaOHOTHYeCKOro» COCTOAHHA OHA H3 NPHYHH OWHOOUHOrO MHeHHA O 
ryOUTeJIbHOCTH TaKHX KOHUeHTpauHit DO yaa BCeX 2KHBHIX OpraHH3MoB. 


706 


AKPeNJIGEHA BOJLOPOMHBIMHA CBASAMH, MOITOMY MOXHO OplIO Obl yMaTb, Y4TO 
SOOIbINME PasIMYMA B PasMepaxX KAKO BOLOPOAHOM CBA3M NpH HanH4HH 
{eHb OoMbUIOrO UX YHCIa B MAKPOMOJIeKys1e MOryT 3aMETHO HCKa3UTb Tpexmep- 
Ie MATPHUHEIe CTPyKTYPbI H TCM CaMbIM ClelaTb HEBO3MOXKHBIM B3aHMOeli- 
IBHE MpOTHEBLIX MAKPOMOVJIeKyuI C evTepHeBbimu. IIpamana u o6paTHas H30TON- 
aA aanTaluad C BOSOOHOBJICHHEM AesIeHUA MOF ObI Ip 3TOM GbITb CIeECTBHeEM 
eJIGHHOTO YCTaHOBJIEHHA TeEOMETPHYeCKOTO COOTBETCTBUA OarosapA U30ToOr- 
OMy OOMeHYy. OHaKo Takoe OObACHeHHe MaJIOBepOATHO u3-3a: 1) HHYTO*RKHO! 
SIMUMHbI PasIMYn B pasMepax BOOPOAHHIX cBx3eH c H u D; 2) nonoroctTu 
OTEHIMAIbHOH AMbI BOMOPOAHEIX CBA3eH, GarosapxA YeMYy XKeCTKOCTb CTPYK- 
yPbl MAKPOMOVJICKYJIbI 10 BOMOPOAHbIM CBA3AM He MOXKET SLIT OVeHb SoOIbIUION, 
, HAKOHEL, H3-3a 3) BLITeKalolelt U3 paGoT MocNeHUX JieT MeTAOOMYeCKOH cTa- 
AJIbHOCTH MoveKys JLHK, u30TonHpli cocTaB KOTOpbIxX MO BOJOpoLy, yruiepoky 
a3s0Ty He H3MeHAeTCA B Npoleccax, He MPHBOAIHX K KJIETOUHOMY JleJIeHHIO 
,°-1°). Tlostomy TpyHO OObACHHTS afanTalwio ycTaHOBseHHeM H30TONHOrO 
JOTBETCTBUA MoweKy JLHK u cpenp. Becbma cepbe3HbIM JOBOJOM TIpOTHB 
JbACHEHUA AHOMAJIbHBIX sppexToB D2O edopmaluelit BOAOPOMHIX CBABZEeH AB- 
AIOTCA P€SYJIbTaTbI HOBOM padoTh! Bopeka u PutrexOepra (*’). StH aBTopbi Ha- 
Moai OCTAHOBKY AeeHHA HM MpAMyto HU OOpaTHyio ajalTailuro mp mepeHoce 
. coli 13 H2O!* B 92% HO u o6partuo. IIpu stom, Kak u B Apyrux paborax 
7°), He Obln0 OGHapyxKeHO OMLyTHMBIX MH. dp. IPH SaMeHe B KyJIbTYpasIbHON 
yee, A 3ATeEM HM B OpraHH3max Bcero a30Ta HAN”. Ilockoubky BOOpOAHbie 
313M B MAKPOMOJIeKyJlax Oesika H HYKJICHHOBbIX KHCJIOT B 3HA4HTeJIbHOH YaCTH 
peylcTaBiaioT. coOoH MOCTHKH Mex]y a30TOM HH KHCJIOpO,OM Bua 


1 

SN-H...0= Rs, He€YYBCTBHTeJIBHOCTh K 3aMe€HeE H30TONOB a30Ta MIpH 
2 
AJIbHOM BJIMAHHH H3OTONHOM 3aMeHbI KHCOposa WesaeT BECbMa 3aTPYAHUTeb- 
BIM CBefeHHe addekToB, BbI3bIBaeMbIX D2O u H2O}, k BAMAHHIO Ha BOLOpOL- 
ble CBA3H B OHCNMpaJIAX HYKJICHHOBbIX KUHCJIOT. 

Kpome Toro, H3MeHeHHA pa3sMepoB H MpOuHOCTH BOJOPOAHIX cBAseH MpH 
amene Ot na O!® 3HayHTebHO MeHbINe COOTBETCTBYIOULMX H3MeHEHHH BOJO- 
OJHBIX CBA3eH mpH 3amMeHe H ua D, mexpy Tem kak BauaHHe D,O u 
[,018 Ha pocT uM JleseHHe KeTOK UMeeT OLHH HM TOT 2%Ke NOPAMOK BeNHUHHBI*. 
aKHM OOpa30M, H3Me€HEHHe TeOMeTPHYeCKOFO COOTBETCTBHA CaMHX MaKPOMo- 
eKyJI IpH 3aMeHe BOI B cpefe, MO-BHAMMOMy, He MOKeT ObITb OTBETCTBEH- 
bIM 3a HaOJIOaeMbIM KOMIIeKc ABJIEHHi. 

Konienua, OObxACHAIONLaA aHoMasbHble apdexte! D vu Ol B D2O u H20%, 
OJLKHA Y4HTHIBATb OTCYTCTBHe TaKHX addekTos Avia N' uw oHHaKOBbI Nops- 
OK BesHUnH sddektos Ama D u O18. OrgetcTBeHHbIM 3a aHaHSHpyeMble ABJIE- 
Hx MOTO Ob! ObITb BELLeECTBO, B KOTOPOM CpaBHHMO OTHOCHTeJIbHOe CosepxKanHne 
olopoywa HW KHCJIOoposxa u HeT a30Ta. B HanOoubwelH CTeMeHH STOMY YCJIOBKIO 
JOTBETCTBYeET BOMa, COCTABJIAIONLAaA 3HAUHTeIbHY!IO YaCTb MpoTonwasmpl. [lo- 
TOMY MOXKHO MpeNOJOKUTb, YTO MPHYMHOH PaCCMaTPHBAeMbIX H3OTOMHbIX 3(p- 
®KTOB ABJIACTCA H3MeHeEHHe H30TOMHOrO CocTaBa Bob. Boa B KJIeTKaX Ha- 
DAHTCH B OCOOOM CTPyKTYPHPOBaHHOM COCTOAHHH, WpOMexXyTOYHOM MexKLy 
IPpyKTYpou 2KHAKOM BORE H Mba (cM., HanpuMep, (7°, **)). Crom opHeHTHpoBaH- 
DM «KPHCTaJIIM4YeCKON» BObl OKPyXKaloT Bce THApPOPuUJIbHble MAKPOMOVIEKYVJIbI 

IIpoTona3Me, B TOM 4HCIe MOJIeKyJbI Geka H HYyKJeHHOBBIX KHCJOT. [To- 
aMMOMYy, Ooslee MpaBHJIbHO TOBOPHTb He O COOTBETCTBHH KAKUX-TO CBOMCTB 
elocpesCTBeHHO Y pa3HbIX MAKPOMOJIeKYJI, a OO STOM COOTBETCTBHM Y MaKpo- 
OJIEKYJI, OKPy2KCHHbIX CJIOAMH CTPYKTYPHpoOBaHHOH Bob. Takoe cooTBeTCTBHe 
OX%KeT OKA3ATLCA CYMLeECTBEHHO HapyleHHbIM IIpH HepaBHOMepHOM H30TONHOM 
octaBe CTpyKTYPHpOBaHHOW BOLI B KJleTKe. C 9TOM TOUKM 3peHHA M3OTOMHbI 
d4aOHO3 YKa3bIBaeT, YTO OTHOCHTEIbHO OMHOPOAHAA CTPyKTYpa CBASAHHOM BOI 

Ooro H30TOMHOFO cocTaBa OGecmeyMBaeT HYKHOe B3AaMMOeliCTBHE MAKPOMO- 

* KatTeropHuHOCcTb S3TOrO apryMeHTa CHHKaeTCA BOSMOXKHOCTHIO GJIH3KHX H3HOMOrMyeCcKHX 
‘axnuii Ha pa3ipaxkeHuA pa3HOl CHVJIbI. 
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yekyi1, 6e3 KOTOPOrO OKa3bIBaIOTCA HEBOSMOXKHbIMH MATPHUHbIe CHHTe3bI Hd 
CoriaCOBaHHble MepeMellleHHA MpPOTOMMa3MeHHbIX CTPyYKTYp pH MUTO3e. 
CxofcTBo m0 xapakTepy H Nopsaaky BeM4MHDI BIMAHHA D2O uw H2O' na MuK} 
POOpraHH3MbI esaeT BOSMOXKHbIM HEKOTOPble NpelMOOKeHHA O THe HeO,HOF 
POMHOCTH BOLb, OOYCJIOBJICHHOH pa3HbIM H30TOMHEIM cocTaBoM. IIpu 3amene! 
mpyx H na gpa D u oguoro Of na O B OfMHAKOBOM CTeNeHH H3MeHAeCTCA MO4 
JekyIAPHbI Bec BoZE (My,0%= 16, Mp,o = Mu,o» = 20), mnostomy Ha 
6l0faemaad KapTHHA Noswyunsia Obl ecTeCTBeHHOe OObDACHEHHE, eCJIH Obl HAOTIO 


YpOBHeH BOLI IipH H3MeHeHHM M30TOMHOrO cocTaBa (””). ' 
Haswune CHJIBHBIX HEOJHOPOMHBIX JIEKTPHYeCKUX H M@FHUTHbIX Moe HyK- 
JIGCHHOBBIX KHCJIOT, OTKpbITOe B HeaBHee Bpema JI. A. Bamomendespyo 
uv cotp. (#), oTKpbiTHe (dpaHiy3ckKHMH aBTOpaMH [be303/IeKTPH4eCKUX}} 
CBOUCTB HYKJICHHOBbIX KHcsOT (22) M CBASb NOABJIEHHA STUX CBOMCTB C CofepxKa-} 
HHeM B HHX Bop (7%), a TakK2xKe CHbHAA 3ABHCHMOCTb AMIJIEKTPHYeCKUX M Cerne 
TOSIEKTPHYeCKHX CBOHCTB pxAa HeOpraHH4eCKHX BellecTB OT H3OTOMHOFO co 
cTapa (**) leaioT BOSMOXKHBIM H Apyroi MexaHH3M, OODACHSIONMA BJIMAHMeY 
H30TOMHOFO CocTaBa BObI Ha LeJIeHHe KJeTOK. 
VismeHeHHAl H30TOMHOFO COCTaBa BOAbl, HaxoslelicA B HeNocpescTBeHHOH 
Omusoctu Kk JLHK, moryT cCHabHO BJIMATb Ha 93/eKTpocTaTH4ecKoe B3aH-| 
MOJCHCTBHE MH 93JIEKTPOHHbIC CBOHCTBA STHX MOJIEKYJI, UTO, BEPOATHO, BECbMa 
CYWLECTBEHHO IIpH MHTO3e. BO3MOXKHLIH [pyre YacTHble MOAeJM Np COxXpaHeHHH F 
OCHOBHOLO T1peqnosoKeHHA 06 OGycJIOBJIEHHOCTH IpAMOM HW OOpaTHOM aqanTalHn } 
mp 3ameHe H2O** ya H2O' nau D2O!* uameHenvem M30TONHOrO CocTaBa caMoii} 
BOJbI, 2 He H3OTONHOFO CocTaBa OMOOrHYeCKUX MAaKPOMOJIeKYJI. ) 
HeofHoposvocTb H30TONHOrO COCTaBa CTPYKTYPHOHM BOI NPOTOMMAaSMbI MO- } 
*KeT Opitb: 1) MuKporeTeporeHHOH, KOTOPas CBOUTCHA K pa3JIHMUHIO M38OTONHOFO 
COCTA4Ba OTACIbHbIX YYACTKOB MPOTOMIASMBI, OTHCIbHbIX CTPYKTYP KJICTKH UT. TL., | 
win 2) MOJIeKyJApHOH, OGYCNOBMeHHOM HapyWwieHHAMH H30TOMHOK YHCTOTHI pH 
OMMHAKOBOM JIA KaxKMOrO MUKPOCKONMYeCKOrO yuaCTKa NpoToMmMasMpl HW AA 
KakKJOH CTpyKTypbi cocraBe cmecw HeO c D2O usu H2O!8. HeoxnHopogsHocts mep- 
BOrO THIa HCuesaeT IPH NOJIHOM ypaBHHBaHHH M8OTOMHOrO CcocTaBa Bcex 4acTel 
M CTpykTyp KsieTKH. HeogHopogHocTb BToporo THMa uMeeTcA B HeOOJIbIION 
CTeNeHH yxKe B IIPHpoOAHOH Boe H aHasOrHuHa JetbeKTaM HW MHKPOMpHMecsaM pe- 
weTku. I]pH anoMabHBIX OMOJIOrHYeCKMX H3OTONHBIX SdcbekTax, OOycmoBsIeH- 
HbIX HeEOAHOPOAHOCThIO NepBoro THMA, aanTalHA COOTBeTCTByeT yPaBHHBaHH0 | 
M30TOMHOO COCTaBa CTPyKTYPHOH BObI B OMpeseeHHbIX yUaCTKaX KJIETKH, 
MIpOTONMAasMbI WIM MaKpomMovieKkyvI. Ec Ke HaGdwOfaemple a:pdpeKTbI OObACHAIOT- 
CA HeEOHOPOMHOCThIO BTOPOrO THMAa, TO aanTallHA BO3MOXKHA JIMIIb B Bose OT- 
HOCHTe€JIbHO YHCTOFO H30TONHOTO CocTaBa HM Opa Obl HEBO3SMOXKHA B TAKEO“ 
BOJe IIPOMEXKYTOUHLIX KOHWeHTpanHi. Ham KaKeTcH Ooslee BePOATHBIM POuJIb~ 
B pasOupaembix stpeKTax HeEOMHOPOMHOCTH NepBoro THMAa, OLHAKO OKOHUATEVib- 
HbIH BbIBO, MOKHO OyfleT CleaTb JMUIb Nocse CMellWaIbHO MOCTABICHHEIX HC- 
Ce€QOBAHHH ABJICHHA HSOTOMHON afaliTallwH B pa3HbIX KOHWeHTpanHaAx DsO 
Hu HeO}8, 
Hs psa 9KCNepHMeHTOB, MOFYyIMX CyKUTb MpoBepKoli Mpes_araemoro 
OObACHeCHUA AHOMAJIbHBIX a¢ptpekToB D2xO u H201%, HasoBem BHICyWIMBaHHe MUK- 
PpoopraHH3MOB AO NOYTH NOJHOM MoTepH cTpyKTypHOH Bosbi (7°). Ilocae storo | 
MHKPOOPpraHH3MbI JOJLKHbI OMMHAKOBO JeTKO Ppa3MHOXKATbCA TPH TOMeNLeHHH | 
B Bolly Ju0Goro usoTOMHOrO cocTaBa. Ecau BepHo mpemmouiomwenne o cyulect- 
BeHHOCTH TJlaBHbIM OOpasoM MOJIeKYyJISpHOrO Beca, a He H30TOMHOFO cocTapa | 
BOJ[bI, TO MAKPOOpraHH3MbI, aalTHpOBaHHble B D2O, AOKI Oe3 3aepxKKH Jle- 
JIeHHA pasMHoxaTEca B H2O"*. Ouenb cyulecTBeHHO TakxKe OpiJIO Obl CPaBHEHHe | 
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?paHH4HbIxX KOHWeHTpayni D2O0 uv H2O0'%, ppispirpatoulux aHa6vo3 HW BpeMeHHyIO 
aanTauMio B pasHbIX YCJIOBMAX M AIA HeCKOJIbKUX MAKPOOpraHusMos, YTOObI 
ACKJIOUATb BO3MOXKHOCTh CyyalHoro cxogcTBa addekToB B onbirax Bopeka 
u PurrenOepra. 

B 3akJ04eHHe OTMETHM, YTO, BEpOATHO, Mo ryGoKoMy MexaHHi3my K pa3sOu- 
PaBLUIMMCA BbILe AHOMAJIbHBIM OMOJOrM4ecKHM 9¢peKTaM Y OMHOKJICTOUHbIX Op- 
TaHH3MOB OJIH3KO CHJIbHOe H3OuUpaTebHoe NosaBeHve MpoueccoB pa3sMHoxKe- 
HHA Y BbICIIMX MHOFOKJICTOUHbIX OPraHH3MOB H JeJICHHA KJIeETOK HX CHelMaJH- 
3MPOBaHHbIX TKaHel C JIeTAJIbHbIM JeHCTBHeM CPpaBHHTeJIbHO HEBbICOKHX KOH- 
mextTpanui (1°). Sto MoAKHO MpoBepHTb, UcC1eLOBaB B/IMAHHe Ha Te *e Mpowec- 
cbl KOHILEHTPHpoBaHHoH H2O}, 
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1961. Tom 137, Ne 3 


BHOXHMH fl} 


ro. E. BABCKAS 


BJIMAHHE THNOTEPMHH 
HA BHYTPHMOJIEKYJIAPHY!IO MEPECTPOHKY BEJIKA 


(ITpedcmasaexo akademuxom B. H. Yeprueoecxum 29 1X 1960) 


B paG6orax (?,?) No ucceqOBaHHIO BJIMAHUA COCTOAHHA THMOTeEpMHH y Kpo-}, 
JIMKOB Ha Mpollecchl OOpas0BaHHA OeJIKOB MeYeHH H M1a3MbI KPOBH ObWIO OOHA- |}, 
Py2KeHO yBeIM4eHHe HHTCHCHBHOCTH BKJIOVeHHA WHcTeHHa S* B OeKoBble (pak- } 
HH miasMpl (Ha 100—130%) mpH ofHOBpeMeHHOM 3HaYHTeJIbHOM CHH)KCHHH Be- } 
JHUMHbI BKJIOUCHHA B Te %Ke OeIKH JpyrHX AMHMHOKHCJIOT — MeTHOHHHA S**} 
uv rauunHa Cl! (na 70—80%). . 

Mobi npenouoKHJIM, YTO YBeJIM4eHHeE HHTCHCHBHOCTH BKJIIOUeHHA WHMCTeHHAa J}, 
B COCTOAHHHM FHMOTepMHH B BbILeHA3SBaHHble OeIKH CBA3AHO C TEM, YTO 3TA aMH- jh 
HOKHCJIOTA, BKJIOUaACb B OeJIOK, MOXKET OOPasoBaTb HE TOJIbKO NelTHAHbIe CBASH, 
HO HW Jucysbdugubie cBa3nu. [lo-BHAHMOMY, MIOBBbIIMeHHe BeJIMYHMHbI BKJIOUe- |, 
HHA WHCTeHHA B OeKOBbIe (pPakUHH W1a3MbI Np THNOTepMHH MpOHCXoOLUT Cc O6- | 
pasoBaHHeM JUCYJIbHAHBIX CBA38eH, B TO BPeMA KaK IPH BKJIOUCHHH B OeuKH | 
B TeX Ke yCIOBHAX MeTHOHHHA S® Hw ranmHHa Cl o6pasyroTca B OCHOBHOM Men- 
THHbIe CBA3H. 

Oto MocTaBHJio Mepe HaMH 3ajauy BLIACHHTb KOJIMYeCTBeEHHbIC COOTHOMEHHA 
M@KLY THMAaMH CBAZeH, OOpasylONIHXCA MpH BKJIOVeCHHH WHCTeHHa B OeKH 
y HOPMAJIbHbIX KPOJIHKOB H KPOJIMKOB B COCTOAHHH FHNOTepMHH. C 9TOH WeJbIO 
MbI OMpelesiAJIH CYMMAPHYy!O PaHOaKTHBHOCTh, NOJIYYeHHY!IO IPH BKJIOVCHHH | 
muncTteHHa S*® B GeJIKH, H BeHYMHY palHOaKTHBHOCTH, OOYCJIOBJIEHHYIO TOJIbKO 
UMCTeHHOM S*”, BKJIOUMBUIMMCA B OeIKH C OOpas0BaHHeM AuCyJIbpuAHON CBA3H. 

[ia onpeqesieHHA KOJIMYeCTBA BKJIOUMBIIeErOCA B OesIOK MeyeHOrO IWHCTeHHA | 
c oOpasoBaHHeM ACY JbPUAHOK CBASH BCe HccIe,yemble GekH OOpadaTHIBaJIHCb. 
HaMYPaBbHHOH KHCJIOTOH, KOTOPaA OTPbIBaeT WHCTeHH, MpHcoeqHHeHHBIH K 
K OeKOBOH MOJeKysie, C O6pasoBanuem S— S-cBsa3eit (*). OcTaBulasca nocae | 
oOpaOoTkKH OeIKOB HaMypaBbHHOH KHCJIOTOH PpaHOaKTHBHOCTb IIpHHaexKUT 
ILHCTEHHOBOMY OCTATKY, BKJIOUHNBINEMYCH B OesIOK C OOpasoBaHHeM CTaOHJIbHbIX, 
NO-BHAMMOMY, MeNnTHAHbIX, CBA3eH. 

B ra61. 1 npeyctaBseHbl cpeqHHe JaHHpie 43 8—10 onbiToB Mo BKIOUeHHtO 
WHcTeHHa B O€JIKH NedeHH, CbIBOPOTKH H GeJIKOBbIe (pakWHH Wia3MbI B HOpMe 
H IIpH THNOTepMHU AO H Mocwe OOpa6oTKH HaAMypaBbHHOHK KuCOTOH. M3 Ta6- © 
JIMILbI BHHO, 4YTO MpeHMYULeCTBeEHHO B OeJIKH TeveHH WHCTeHH BKsIOUAeTCA 
Cc OOpa30BaHHeM CTaOWJIbHOM, MO-BHAHMOMY, TenTHAHOH, cBa3H. [locse oOpa- 
OOTKH OeJIKOB CbIBOPOTKH H OTJCbHbIX PpaKUHH Wia3Mbl pakWoaKTHBHOCTb 
OeIKOB HOPMA@JIbHBIX KPOJIMKOB CHM2KaeTCA Ha 3HAUMTeIbHYIO BeJIMUHHY. 

B 6eJIKM CbIBOPOTKH IMCTeHH BKJIOUaeTCA C OOpaso0BaHHem B CpesHeM 33,8% 
CTaOHJIbHBIX CBA3eH UH 66,2% ucyb*HAHBIX CBAseH. 

Bo pakuuu nviasmpl — abOyMHH, ruo6yiMH wu cdbHOpHHoreH — WHCTeHH 
BKJNOUaeTCA TaKKe C OOPpasoBaHHeM B CpeyHem 30,4% cTaOHbHbIX CBA3eH H 
64,6% ucymbpu_HIX. 

CopeplieHHO HHY!IO KapTHHY COOTHOUI€HHA CBxA3eH, OOpasy!ouluxcA NpH 
BKJIOYCHHM IMCTeHHa, MOXKHO BUAETh pH rHnoTepMHH. B 9TOM COCTOAHHH B 
OeIKH MevYeHH WHCTeHH BKNOUaeTCA TaK Ke, KAK Y KOHTPOJIbHbIX ?KHBOTHBIX, 
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Ta6aunuya i 


3KOUeHHe WHcTeHHa-S*® B GeKH NeveHH H (bpakumu MasMbI Ipu runoTrepMuu Hu Ha 3 cyT- 
fH Tlocue Hee C OOPasOBaHHeM Pa3JIHUHBIX CBA8eH (B HMMYyIbcax B MUHyTy Ha 5 mr GOenKa) 


Koutpomp (38°) Tunotepmusa (24°) 
Ri MMT ivae Ga ClaGhwbaol> yon oo ICTAORUIBHO 
Benox Ro oOpa6. |mocne o6pa6.| cBsasaH. | qo O6paG. | nocne o6pa6. | cBasan. 
HayMypae. HayMypasB. |WncTewH, %|HagqMypaB.| HayMypaB. WHCTeHH, % 
K-TOHK K-TOH K-TOK K-TOH 


IIpuH runotepmunu 


SeIKH Meyenn 149 116 77,9 142 110 78 

SbIBOPOTKAa 544 173 33,8 925 86 9,2 
\ 1bOYMHH 582 217 2000 1216 138 10,5 
“no6y HH 431 162 Sls 882 87 9,8 
DuOpuHoren 454 152 33,4 1069 68 Gi 

Tlocne runotepmMuu Ha3 cyTKH 

A nbOyYMHH | 596 136 | 24,6 612 186 bo aOise 
[ n06y HH 374 147 40,0 | 454 | 207 | 45,0 


> OOpas0BaHHeM B OCHOBHOM CTAaOHJIbHBIX cBA3el. B To xe BpeM”A y Kpo- 
MMKOB B COCTOAHHH FHNOTepMHH B OeJIKH CbIBOPOTKH WHCTeHH BKJUOUAeTCHA Ipe- 
AMYULECTBEHHO C OOpa3zs0BaHHeM AucywibduHOu CBASH (90% pagvoakTHBHOCTH 
yAaIAeTCA Np H oOpaOoTKe HayMypaBbu- 

HOH KHCJIOTOH, KOJM4YeCTBO MeNTHAHbIX gree 

‘Basen He npeBbiuaeT 10%). DTo saBue- 
Hue HMeeT MeCTO BO BCeX OeJIKOBbIX 
ppakUWHAX Mla3Mbl, B HAX WHCTeHH Tak- 0 


Ke BKOUaeTCA 3a cueT SH-rpynmbi, Hs 
roibko 10%, a B cayuae @uOpuHore- S$ 
Ha Jake 6% —c oOpasopaHvem cra- * 
SHJIBHOH CBA3H. 5 2 


W3 3THX MaHHbIX MOXHO CfeaTb 
BLIBO, YTO pH THMOTepMHH, No-BHAH- 0 
MOMY, IIPOHCXOJNT KaKas-TO MepecTpor- 

Ka OCJIKOB Ma3Mbl, MpOABJIAIOULaAcA 

ee ee DBCOCAMECHER Puc. 1. M3menHenuHe Komnuectsa SH-rpynn 
IucTenHa K Oelky Cc OOpas0BaHHeM AM- Gena nog BANAHHeM rHunOoTepMHH. a — 20 
sy ibpuyHoOU CBA3H. OTO ABJIEHHE MOXKET THMOTepMHH, 6 — runoTepMua, 6B— Ha 3 CyT- 
SbITh COMP AXKEHO TaKKe H C H3MEHEHHEM = KH MocHe runoTepMHH, 2— uepes | mec. 
KomMuecTBa = =©cBoOoyqHEIx SH-rpynn ee er 

Seka. 

iA MpoBepkKu aHHOrO NpeAnoJowKeHAA OplJI HCMONb30BaH MeTOL ammepo- 
MeTpHueckoro THTpopaHva SH-rpynn B cbIBOpOTKe KpoOJIHKoB, paspaOoTaHHbilt 
Koabtrodom 4 Tapprcom (4). Onpexenenua KomMuecTBa SH-rpynn mpoBosnsucs 
3 CbIBOPOTKe KOHTPOJIbHbIX KPOJIMKOB H KPOJIHMKOB, HAXOJALIMXCA B COCTOAHHH 
“anoTepMuH. TunoTtepmMusa cosqaBasacb Tak, Kak omvcaHo pauee (+). Iloce toro 
kak Y KHBOTHOrO B TeveHHe 2 yac. NosepxKuUBaach TemMepatypa 24°, OHO 3a- 
JuBaocb. Jia onpesenenua KomMuectTBa SH-rpynn Opa 1 Mu cbIBOpOTKH. 
dOmuN OObeM NpoOr 25 ma. Ucnonbsopanu OycdepHEi pacTBop, colep»xKauinii 
J,01 M NHsOH u 0,08 M NHaNOs. Ha puc. | mpeycrapsenbi pesybTaTbl onpe- 
feseHHi. Kak BuHO 43 PHCyHKa, Y KpOJIMKOB B COCTOAHHH THNOTepMHH KOJIH- 
fectBo SH-rpynn cbIBOpoTKH 3aMeTHO CHWKaJIOCb, B CpeqHeM Ha 36,3%. 

{iA Toro YTOOb! BbIACHHTb, HACKOJILKO Mpouna OOHapyxKeHHadA HaMH TIpH 
3KJIOUCHHM WHCTeEHHA BHYTPHMOJekyJApHaAd Mepecrpolika OewKa, OplM MocTas- 
I€HbI ONBITHI NO HCCIeMOBAaHHIO BKJIOUCHHA WHCTeHHa Ha 3 CYTKH Mocse runorep- 
mu. Okazauiocb, 4TO cilycTA 3 CyTOK Mocue runoTepMHH He oOHap yKUBAIOTCA 
I@MCHEHHA, CBASAHHbIe C BHYTPHMOJIeKYJAPHOM MepecTpoHKOH OeKa, KOVIM- 
[ecTBO CBOOOLHBIX SH-rpymn Take BosBpaulaetca K HopMe (Tas. 1 mw puc. 1). 
WIeLOBATeMbHO, MPOHZOIlleliIHe Mp THMOTepMHH BHYTPHMOVJIeKYJIApHbIe 13- 
feHeHuA B Geke oGpaTumnl. 
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JlaHupie HacTosuei pa6orTbl NosBOAAIOT MpefMosJOKUT, YTO MpH runmorep-| 
MMH MpOHCXOAAT BHYTPHMOJICKYJIAPHbIe U3MeHeHHA OeKOB. Mmeer mM 3Haye-| 
HHe BJIMAHHe XOJO{a HJM HapKOTHYeCKHX BellecTB, IPHMeHAeMbIX TPH co3a-} 
HHH THMOTepMHH, WIA CHwKeHHA SH-rpynn B CbIBOpOTKe KpoBH,— ABMTCA} 
MIpeMeTOM aJIbHeliliero BbIACHeHHA. CyilecTBeHHO OTMETHTb, 4TO Takoe} 
CHWKEHHE MbI OOHAPYAUBAeM TOMbKO B YCJOBHAX OXJAKNeEHHA WesOCTHOTO| 
OpraHH3Ma; B CbIBOPOTKe KpoOuJIHKa, THTpyeMoi Mp HH3KMx TemMepaTypax} 
(37, 24 u 5°) in vitro, He oO6HapyxKeHO Kakoro-JIMO0 H3MeCHeCHHA B KOJIHYECTBE 
SH-rpynn 6e1ka B 3aBHCHMOCTH OT TeMMepaTypHl. 

[locKoulbky CocTOAHHe THNOTeEPMHH MbI MO?KeM PaCIeEHHBaTb KaK COCTOAHHE| 
riy6okoro TOPMOXKeHHA, Haul JaHHble MO CHHKeHHIO SH-rpynn B CbIBOpOTKe} 
KPOBH IIpH rHMOTepMHH, T. €. IPH NOHWKEHHH KH3HEACATEILHOCTH, COrsacytoT- | 
ca C JaHHbimMu X. C. Kouirosnija, yKa3biBalouluMH Ha MpsAMYy!O 3aBHCHMOCTb} 
M@KLY YHKUMOHAIbHOMH eATeIbHOCTbIO HW KowHYecTBoM SH-rpynn Oeu- 
KOB (°). 

OG6unapy2KeHHble H3MeCHeHHA B KOJIHYecTBe SH-rpynn B CbIBOpOoTKe npy rH-} 
NOTepMHU OOpaTHMb!, H Mp Mcce_OBaHHM MX Yepes 3 CyTOK NMocwe BbIBeLeHHA | 
H3 COCTOAHHA THMOTePMHH BCe H3MeHEHHA, MpowcxosAuiMe B Oeike, He OOHA-} 
Py2KHBAIOTCA. | 

IlosyueHHble HaMH JaHHbIe O MOBbILICHHOM BKJIIOUeCHHH WHCTeHHa pu ru-# 
NOTePMHH B O€JIKH CbIBOPOTKH H *pakUHH M1a3MbI MOKAa3bIBaIOT, TO pH rumotep- 
MHH IIpOHCXOAAT BHYTPHMOVJIeCKYJIAPHbIe H3MeHCHHA B OeiKax, Oularoqapa KoTO-7 
PbIM CTAHOBHTCA BOSMO?KHBIM YBeEJIMYeHHE BKJIIOYCHHA WHCTeHHAa C OOpasoBaHHem | 
JMcyIbpuHOH CBA3H; B TO 2%Ke BPCMA BKJIOGeHHe WHCTeHHa B STH Ke OeJKH C} 
o6pasoBaHHem cTaOHJIbHO CBA3M pe3Ko 3aMeqiaeTca. OOpasoBaHHe cTra6uubHol fi 


B CpeqHeM Ha 75%, T. €. IpHOH3HTebHO Ha TaKy!O Ke BeMMYMHY, Ha Kakylo { 
B 9TOM COCTOAHHM MOHH2KaeTCH MHTCHCHBHOCTb BKJIOYEHHA B OeIKH MeTHOHHMHA J 


HW IVIMWHHa. 


VWuctutytT xupypruu um. A. B. BuurnescKoro Tlocrynu0 
AkaneMHH Me@XHUHHCKAX Hayk CCCP 29 IX 1960 


UWMTHPOBAHHAA JIMTEPATYPA 


110..E. Ba6Gcrasn, JAH 114, Ne 3, 598(1957), *10. E. BaGckas, JARS 
128, Ne 6, 1294 (1959). % E. A: Peterson, D. M. Greenberg, J. Biol. Chem., 
194, Ne 1, 359 (1952). 4M. Kolthoff, W. S. Harris, Ind. and Eng. Chem.,™@ 
Anal. Edition, 18, 3, 161 (1946). © X.C. Komtosuu, Besxkosnle tea, o6MeH BelecTB | 
H HepBHad peryauua, M., 1951. 
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Joxaann Akagemun nayr CCCP 
1961. Tom 137, Ne 3 


BHOXHMH A 


B. H. BYKHH uw Lf. B. MAHTPOBA 


BJIAABHUME AHTATOHHMCTOB NHPHAOKCHHA HA BHOCHHTE3 
BUTAMHHA B,, KX NOP®APHHOB TIPOMMOHOBOK HCJIbIMH 
BAKTEPUSMUH 


(ITpedcmaeaeno axademuxom A. H. Onapuxnsim 26 X 1960) 


Hamu Oplio NoKa3aHo, 4To 6-aMMHOJeByMHOBaA KucoTa (AJIK) He saB- 
ACTCA CTOJb Ke CeUMPUYeCKHM MpeiecTBeHHHKOM BUTaMHHa Biz, Kak Mop- 
MpPHHOB, M BEICKa3aHO MpesnooKenne, uro pacxormenue mnyteli OuocuuTesa 
(AX POACTBEHHBIX COeMHEHHM HauMHaeTCA ye C TaKOM paHHeil cTaquu, Kak 
Spasopanne AJIK (',”). 

B cBASH C 3THM MpeACTaB/AJIOCh MHTepeCHbIM OWKe H3Y4HTb YCIOBUA 06- 
az0Banua AJIK B KjleTKe M UX BUIMAHMe Ha OMOCHHTeS BUTAMMHA HM NOpmupuHos. 

Vspectuo, uto AJIK saBasnetca 
POMyYKTOM KOHJeHCall\HH aKTHBH- 
OBaHHbIX (OpM TIHIMHa H CYK- 
uHaTa Yepes MpomMexyTOUHy!O 
Taylui0 +a-aMHHO-8 -KeTOAaJH NMHO- 


Laow wir a 4 


JleiictBHe TOKCONMpHMHAMHA Ha 6uOCcHHTes 
BHTaMHHa By HW nopdupHHos 


Jlo6apneno K 100 Ma| Buomacca,| Butamun | Ilophupu- 
oli KucIOTH (*). KodepmexHtom cpemb t/a | Biz, Mr/al | BBL, Mr/a 
rou peakWHH ABJIAeTCA MMpH- 

aJlb- aT, KOTOpbIM 3HauH- ke 
oe, Korop VHcxognascpena(!)| 4,0 6,5 15 
2JIbHO CTHMYJIMpyeT BKJOUeHHeE | 4 | 
oa ra + 0,2 mr ToKco 
muiuHa 2-C* B rem KposH (*,”) nupuMuguna (II)} 4,15 6,4 6,0 
YBeJIM4MBaeT KOIMYeCTBO CHH- II1+2 mr nupua- f p 
S3UpyeMbIX TopdupHHos (°). t oe pe 4,19 6,3 5,8 
Bmecte c TeM HaMH ObIJO T10- goneiote. aioe: 
asano (7), urO HM CaM BHTaMHH TA 4,1 6,5 9,0 
's, HH ero aHaslorH WM aHTHMeTa- II +5 mr AJIK 4,1 6,2 | 16,0 
OJIMTHI He BIMAIOT Ha BKOueHHe =! a ey Ut BETO: 40 a3 . 
05.0 0,0 
Mouekysy Bie rimiMHa M aleTaTa yy wn pane : 
1-C'* w 2-C!*) 1 He H3MeHAIOT KO- nodéisobeod 
MUeCCTBCHHOTO BbIXOa BUTAMHHA KHCJIOTHI at 6,2 O.3 


2. 
| B wactosuem cooOuleHuv Goulee JeTaIbHO pasOupaeTcaA BONpOC O BMAHHM 
HTaroHucTos Be Ha HaKorsenve NoppupHHoB UM BUTaMMHa Bie HM O CHATHH TOp- 
losmujero siibekTa TeM HIM MHbIM MeTaOOJIMTOM. : 

PaOora, Kak UM B NpesbILyulux cysaAx, MpoBosMacb Ha KyJbType Propio- 
bacterium shermanii. MerofuKxa BbIpallMBaHHA KYJIbTYPbIl, COCTaB TeNTOHO- 
OM MHTATebHOM cpexb, ompemeneHHe BUTaMMHAa Biz MH NOpPHpHHOB ONACaHbI 
aHee (#,?,”). 

B kauectTBe auTaronuctTos Be Obi MCIbITAHbI TOKCOMMpHMHAMH (2-mMeTHI-4- 
MAHO-5-OKCHMeCTHANUPUMAAMH), THApasHf M3OHMKOTMHOBOM KUCJOTbI H STH- 
OBbI Sup MMpHOKCHHA, KOTOPbIe MOOABMAMMCh K MCXOAHOM NMTATebHOH 
pene. HanGomee ueTkve pe3yJbTATbI NOY4aIHCb MPH HCMO/Ib30BAaHHM TOKCO- 
mpuMuganna B KosmMuecTBe 200 y/100 ma cpempl. 

- Howygenupie WanHpie mpetcrapienbt B Tada. |. 
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Kak BHO u3 Ta61. 1, TOKCOMMPHMHMH He BJIMAeCT HH Ha KOJIMYCCTBCHHBIY, 
BbIXOJ, BATAMHHA, HH Ha HakoMeHHe OMoMaCccbI HW BMeCTe C TEM OUeHb CHJIbHG 
CHWKaeT OHOCHHTe3 TOPPHPHHOB, YMeHbUIAA HX KOJIMYeCTBO B Ba C JIMIUIHUN 
pasa. 

V3 pcex WCMbITaHHbIX BellecTB (cM. Tas. 1) TombKO 6-aMHHOJeByJMHOBAA 
KHCIOTA NOJIHOCTHIO CHHM@eT 3TO TOPMOXKeHHe, MHPHLOKCamb-cocdaT — JMUTH 
yaCTHYHO, @ CaM MMpHOKCHH COBeplieHHO He 9(pPeKTHBEH. 

CrelyeT OTMETHTb, UTO JoOaBseHHe | Mr TOKCOMMPHMHAMHA TOJIHOCTbIO M04 
aBsAO NOpmupHHooOpasopannke, He BHAA Ha BLIXO Bie; MMPHAOKCab-oc: 
(baT B STHX YCJIOBHAX He OKa3biBaJI JlaxKe YaCTHUHOFO JelicTBHA, a BANAHHe AJIK 
OblI0 MeHee 9PeCKTHBHBIM VM JIA MOJIHOrO CHATHA TOPMO*KeHHA TpeGopajocm 
He 5, a 1O—15 mr AJIK. 

Uspecruo, 4TO PAN, MHPHAOKcaseBLIxX CPepMeHTOB XapakTepH3yeTcA MpouwHo 
CBASbIO BATAMHH — OeJI0K; TaKYIO 2%K€ CBA3b OOpa3yeT, M0-BHHMOMYy, H TOKCOF 
nupumugun. Tlostomy o6patHoe BbITeCHeHHe ToceqHero M3 CcocTaBa (bepMeHTd 
TOM WH HHOH dopMoOll NHpHAOKCHHA BeCbMa 3aTPYHUTeIbHO. OTHM CJeLye’ 
OObACHHTb JIMUIb YaCTHYHOe CHATHE TOPMOKeHHA IMPHAOKCaIb-Pocdatom, 

Bricokas atpbeKTHBHOCTb BHOcHMOoH AJIK o6bscHseTcaA TeM, YTO OHA ABIAeTAL 
CA ECTECTBEHHBIM MPOMeXKYTOUHHIM MPOALYKTOM Ha WYTH MOCTPpOeHHA MOJIeK yJIbII 
NopmupHHoB u 3amensieT coGou Ty AJIK, oOpasoBaHHe KOTOpOol 3aTOpMOxKeHG 
TOKCONHPHMUAHHOM. 

OtcyTcTBHe NOOKUTeNIbHOTO adpeKkTa MpH HUCHOJb30BaHHH MeTHOHMHA 
f-aMHHOOeCH3OHHOM KUHCJIOTbI BIOJIHE OObACHHMO, NOCKOJIbKY OHH SABJIAIOTC 


y 


ULCCTBCHHBIX Ppa3JIHYHAX B OMOCHHTe3e Biz MH NOpPUpPHHOB, KOTOPbie HaYHHAIOT 
IIPOABJIATbCA YxKe Ha PaHHHX 3TaMax OnocHHTesa — Ha CTaqHH OOpasoBaHuA 
Mouekyubt AJIK. 

TlowyyeHHble paHee pe3yJIbTaTbI, FOBOPHBIUIHe O OOJIbIIOM 3HAYeHHH Mponec4 


JOKcasleBbIx (pepMeHTOB Ha OOpasoBaHHe BUTAMHHA Biz, B CBOIO OUepedb, TAKxKe 
rOBOpAT 06 OTMHYHH MpeiecTBeHHHKa BUTamMuHAa oT AJIK 4H, crexoBaTembHo, 


OH oOOpasyeTca. 


Vucrutyt 6voxumun um. A. H. Baxa Ilocrynuao 
Axaylemun nayK CCCP 13 X 1960 


UWMTMPOBAHHAA JIMTEPATYPA 


1T. B. WponsaxKkosa, buoxamas, 25, Ne 2, 296 (1960), *V. N. Bu kage 
G. V. Pronyakowa, J. Biochem., 47, Ne 6, 781 (1960). *G. Kikuehy, Ahem 
mar etal., J. Biol. Chem., 233, Ne 5, 1214 (1958). 4W.G. Laver, A. Neuberger 
Biochem. J., 67, Ne 3, 22 (1957). 5M. P, Sloe il iia IB, Ny Richert, J. Biol 
Chem., 226, 181 (1957). © J. Lascelles, Biochem. J., 66, Ne 1, 65 (1957). * T. BH 
IlpouaKkosa, JIAH, 128, 331 (1958). | 
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Jornxagns Akaygemun nayk CCCP 
1961. Tom 137, Ni 3 


BHOXHMH fl 


B. Ti. CJIOBOACKAA wu A. F. NMACHIHCKHH 


KOHHEHTPAWWMOHHAS SABHCHMOCTb AKTHBHOCTH ®EPMEHTOB 
B CBA3H C HX NOBEXEHHEM B KOALLEPBATAX 


(11 pedcmaéareno akademuxom A, H. Onapunoia 1 XI 1960) 


OcHOBHOM MpesnochlIkol H3MepeHHs (tbepMeHTATHBHOM AKTHBHOCTH sBuIseT- 
CA MpeAnosowKeHHe O HaJIHMYHH JIMHEHHOM 3aBHCHMOCTH MeXxKAY PiyOuHOH XH- 
MHYeCKOrO TpeBpalleHHA MH KOHIeHTpalHeli depMeHTa, 4TO TipHHUMaeTCH HU 
B oOmleH TeopHuH KaTaiH3a. B OoOubIIMHCTBe HCNbITaHHbIX CHCTeM 9Ta Npelno- 
CbIJIKa MMe€eT MECTO, HECMOTPA Ha HaJIMYHe HEKOTOPHIX HCKJIOUCHHH JIA CJIOXK- 
HbIX (PECPMEHTHHIX CHCTeM (CMecelt (epMeHTOB C J PyruMu epMeHTamH, KoctepMeH- 
TaMH, HHIHOMTOpaMH WIM AKTHBAaTOpaMH H Jp.) ('). OlHako uccvIeMOBaHHe KOH- 
IeHTPalMOHHOH 3aBHCHMOCTH JleHCTBHA (pepMeHTOB OObINHO NPOBOANJIOCh B 
CpaBHHTeJIbHO y3KOM HHTepBaJie KOHILEHTPalH, peqKO mpeBpiuaiourem 10-Kpar- 
Hoe pa3iM4uve KOHWeHTpanHn. Mexkyy TeM, pH H3y4eHHH KoallepBaToB (bepMeH- 
TOB HM HeEKOTOPbIX ApyrHx CHCTeM H3MeHeHHe KOHIEHTpalluu tbepMeHTOB MOxKeT 
WOXoguTb Jo 100 pas, 4ro MoxKeT NPHBOAUNTb K HOBbIM 3€KOHOMePHOCTAM B Xoje 
peakllun. 

Uccaeqopanua xoa depMeHTaTHBHOH peakILHH B TaKOM LWHpOKOM HHTepBavie 
KOHICHTpallHi OFPpaHHuNBalOTCA YYBCTBUTeEJIbHOCTbIO MeTOAa H3MepeHHs Tipe- 
BpallleHuaA CyOcTpata, pacTBOpHMOCTbIO (PepMeHTOB H Ap. MH WO CHX Top eme 
He ipoBoguiuch. [lostomy Hamu OblIO TipoOHsBeeHO HCCIeqoOBaHHe AKTHBHOCTH 
AByx dbepMeHToB — B-aMua3bI H MepOKCHa3bl B Govlee 1UHpoKOM (50—100-Kpar- 
HOM) HHTepBaie KOHILeHTpalHi. 
| OnuTtH c ~-amuaas3zonu. I[penapat 8-amusa3pl, nowyueHHblit 13 
coeBbix 60608 no Metony Jlaydepa (7), Obit Ham su06e3HO TIpexoctaByien T. H. 
EspeuHospol (Mockosckuit yHHBepCHTeT), KOTOPOM ABTOPbl MPpHHOCAT cBorIO 
OnarosapHoctb. M3mepasiocb KOJMYeCTBO MaJIbTOSbI, OOpasyroilelicA MpH eit- 
CTBUH B-aMHJa3bl Ha pacTBOpUMbIH KpaxMaJ. KoHIeHTpallMA MaJIbTO3bI OUpese- 
Aadach XpOMaTorpaduyecKHM MeTOJOM, OONAaIOU{MM UYBCTBUTeJbHOCTbIO JO 
5y (*), BBHAY Toro YTO Apyrve U3BeCTHbIe METOAbI ONpPeMeeCHHA MUKPOKOMHYECTB 
MaJIbTOSbI (MUKpometTogpnl BeptpaHa, XarefopH-Mencena u Ap.) oOaqator 
Topa3qo MeHbIei 4yBCTBUTe/bHOCTHIO, IIPHMepHO JIMWb Lo 50 y. Anausupye- 
MbIM| paCTBOp KpaXMasla M MOHOCaXapHOB HAaHOCHJICA Ha MoulocKy Oymary BaT- 
mau-l (40X20 cm) B kosmuuectBe 0,005 Mul; B KauecTBe pacTBOpUTeIA NIPHMeHsAIH 
cmecb: H-GyTaHou — ‘tiupHauH — Boga (6:4: 3). IlomyyenHaa xpomatorpam- 
Ma BbICYIIMBaaCb MH OMpbICKMBa/laCb AMMHaUHbIM paCcTBOPOM cepebpa 
(0,2 N AgNOs—5N NHs; 1:1 no o6bemy), 3aTeM BHOBb BbICYIIHBaacb pu 
KOMHATHOM TemMlepaType Hu Mocle 9TorO MporpeBaacb 10—I15 mun. npn, 42°. 
IlatHa BoccTaHoBJeHHoro cepeOpa yCHJIMBaJHcbh MpomapHBaHveM B TeyeHHe 
1 MMH. Hay, KMMsAUel BOAAHOM OaHell, MocJIe yero Oymara cpasy (PUKCHPoBaacb 
10% NazSeOs uv mpompiBasiacb 3—4 4aca mpoTouHol Bogo. Mpi Jaem onucanne yc- 
JOBMH CYLIKU MU NponapHBaHHA NOTOMY, YTO OHH OTHYAJIMCb OT YKaSaHHbIX B (3). 
CuelyeT Ip 9TOM OTMETHTh, YTO MO/yYeHHe XOpoiel XpOMaTOrpaMMBbI cyiecT- 
BeHHO 3aBHCHT OT YnCTOTHI Bo3Ayxa. llowyyeHHbIe XPOMATOFPpaMME! NocwJe BbI- 
CyWIMBaHHA M3MepsAJIMCb Ha 3alMCbIBalOleM AeHCHTOMeTpe KoHcTpykunn M, C. 
‘Ulunauosa, a TWOULaH NOJy4eHHbIX MHKOB M3MepsJIMCb TwiaHuMeTpom. IIpu 
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MOCTPpOCHHH CTaHapTHLIX KPMBbIX ObWIM MosyueHbl JIMHeMHbIe TpapUku 1A i 
HHTepBasla KOHMeHTpalut oT 5 Ao 25 y MambTospl. Jia KaxKON CMecH B-aMHsa3bI 4M 
M KpaXMala H3Mepslacb KMHeETHKA PHpomusa B TeueHHe 2,5 4ac. c 30-MuHyT- | 
HbIMH MHTepBaslaMH B OTOOpe mpoO, NpH4YemM KaxkKLad TOUKAa ONpeleANaCh Mo | 
TpeM lapasiuienbHbIM mpobam. Ilo nosmyuex- jt 
HbIM KPHBBIM (Ms0llalb NATeH — Bpems) 


ae 

e onpeleisach HavaibHad CKOpocTb peaKk- 
Il. : 

Q75- TlepponayaibHo AIA KOHWeHTpanun dep- If 


mMeHta | mr/MJ Oblla ompefeseHa 30Ha Hy-} 
JleBoro MopALKa peakwuu (pH KOTOpOH Ha- i 
GofaeTCA He3aBHCHMOCTb CKOpOCTH peaK- 
IMM OT KOHUeHTpalluH cyOcTpata), paBHas | 
3% KpaxMasla; AIA KOHIEHTpalHH cbepMeH- 
ta 0,1 mr/ma sTa 30Ha cocTaBiana 1% Kpax- qf 
Maa. J\is STHX JBYX KOHIeHTpannit cy6- i 
05 Harn 0 cTpaTa ObWIH MCCIeOBaHbI KOHILeHTpalHu 
. cbepmMenta B HHTepBane oT | go 0,01 mr/Ma, I 
ae tT. e. B 100-KpaTHOM HMHTepBaue. 
Hc. ° 

Bce onbiTbl npoBosusucb mpu 42°B0,1 M 
aleTaTHom 6yqepe c pH 4,85. \ 
3aBHCHMOCTb HadaJIbHOH CKOPOCTH THApoOmH3a KpaXxMaJla OT KOHILCHTpallun 
3-aMHJIa3bl BbIPaKeHa CeELYIONMMH Wwadpamu: 


F, mr/Ma 1 0,5 -0525 20,4 7 Ot C Obn 102025) BeOrns 
S, % 3 3 3 3) 1 | 4 4 
Hauavibu. 

CKOpOCcTb 


(oe yoreq. ~i—t,1 0,5 0,2 O;1f 0514 0,08 0205 70,03) 


Puc. 1, MocTpoeHHblii Ha Tex 2Ke JaHHbIX, MOKa3bIBaeT, ITO B Mpesemax OLIN- 
6oK OMbITa (HECKOJIBKO OOJIBIIHX IIpH MaJIbIX KOHIeHTpalluax cbepMeHTA) BO BCeM 
McCJIe(OBaHHOM HMHTepBasle KOHUWeHTpaluh cbepMeHTa coOslofaeTcaA MMHeHMHAaA 
3aBHCMMOCTb, IIpH¥eM KPHBaA ACHO MpOXoOMUT yepes Hayao KOOpyAMHAaT. 

OnbThn c nmepokcecupzaszon. [Ipenapar mepoxcuyzaspi Obit B3aT 
JMOPUIM3HPOBaHHbI KpuctasiMueckuh (dupma Light); ackopOuHoBad KuCuIOTA | 
TaKKe KPHCTaIMuecKan; NMepekHcb Bofopoywa — x. 4. (28%). KomuuectBo 
(pepMeHTa H3MeHA0Cb OT 5 Jo 0,1 mr/ma (B 50 pa3), KOHWeHTpalua ackopOuHo- 
BOH KHMCJIOTbI CocTaBIANa 2,5 u 3%. KonnenTpanua H2O2 cocraBiasa, COOTBET- 
cTBeHHO, 0,5 u 0,6%. Bee u3mepenua npoBoguucb BO,1 M aneratHom 6ydepe 
pH 4,1. Coxepsxanue ackopOuHoBol KHCAOTHI B pacTBope OMpeleAIM THTPOBa- 
Huem mpH nomouy 0,001 M KJOs B npucytcrBun KJ c ycTaHoBseHvem KOHIa 
THTPOBaHHA MO HOOKPAXMAJIbHOH peak; BOCNPOH3BOAHMOCTb THTPOBaHHA 
coctaBuana 0,02 Ma, HH He Goee 0,1% u3sMepaemol BeIHUHHEI. Jima KaxKOn 
HCIIbITaAHHOM CHCTeMbI OMpeeAacb KHHETHKA PeakIHH C ONpeseseHHeM KOH- 


x | 
CTaHTbI CKOPOCTH (BTOPOro NMopxAAKa) No ypaBHeHuio K = ———,, rae a — uc- 
t(a—x)a 


xofHoe KouyectTBo 0,001 M KJOs (B MuanmuauTpax), x — KomMUeCTBO OKHCJeH- 
HOM ACKOPOMHOBOM KUCJOTHI (BbIPaKeHHOe B MUMIMAMTpax 0,001 M KJOs); 
¢— Bpema (B MMHYTaX). OTO ypaBHeHHe B3ATO BBHAy IKBAMOJIAPHOCTH acKop- 
OMHOBOH KHCuIOTHI C HeO2 B HCxXo-HOM pacTBope. 
Tlouyuenp cmeqyioulue pesyJbTarsi: 


F, mr/Ma AO eo AO Mise TOR tie eeleal 
SHA 3 ie ah 5 3 3 
K-40-3 PO roe Rom CW) Dyn eben, Oa) 


AHaJIOPHUHble pe3ybTAaTbI ObiIM NOYYeHE pH KOHWeHTpauuu cy6cTrpata 
S = 2,5%. 13 puc. 2 BUAHO, YTO KPHBad 3aBHCHMOCTH (epMeHTaTHBHOHM aKTHB- 
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HOCTH OT KOHIEHTPallMu (eEpMeHTA BHAYaJe, IpHMepHoO B 30He 10-KpaTHOroO yBe- 
JIMYCHHA KOHILCHTPallHH, Take HMeeT JIMHEHHbIN XapakTep, HO, B OTJMUHe OT 
aMHJIa3bl, Ip Oovlee BbICOKHX KOHILCHTPalHAX OHA 3aMeMJIAeTCA HM OTKJIOHAeTCA 
OT JIHHeHHOH 3aBucHMocTH. Ha puc. 2 mo ocH OpqHHaT yKa3aHa KOHCTaHTAa 
exopoctu K-10°°. 

Ha JIMHeHHOM y4aCcTKe KPHBOM OHA TOUHO MpOXoOMUT yepe3s Hayao KOOpyH- 
HaT, H, TAKHM OOpa3soM, MOXKHO KOHCTATHPOBATb B OOOMX MpenapaTax OTCYTCTBL.. 
MHPHOMPYyIOUNMX MpHMeceH (HOHOB TAXKEIbIX METAIJIOB H Ap.), KOTOpbiIe Mora 
ObI BLISBATh OTKJIOHCHHE KPHBOM OT Hayasa KoopAUHaT. TlostTomy oTKJOHeHHe 
OT JIMH€HHOCTH pH. Oolee BbICOKHX KOHILeHTpa- 
WHAX MepOKCHa3bl B CTOPOHY MOHHKeCHHA AaKTHB- 
HOCTH, KOTOPOe WIA Jpyrux (bepMeHTOB B JIMTe- 
patype (‘) o6nmHo OObACHAIOCb BAMSAHHeEM acco- 
Haun depMeHTa Cc HHTHOWTOpaMH, yCHVJIMBato- 
UleHcA MpH Ooslee BBICOKHX KOHUeCHTPallHAx, B aH- 
HOM Cjly4ae BPA JIM MOrIO HMeTb MecTo. Bmecte 
C TeM, HHrHOMpoBaHHe H3O6bITKOM Camoro cyOcTparta, 
KOTOPOe YACTO ABJIAETCA NPHAHHOK NoLOOnoro xoja 
KPHBbIX, B JaHHOM Cly4ae TaK?Ke OTCYTCTBOBAJO, 
Tak KaK OTKJIOHEHHA HaGOLaIMCb pH Oovlee BbI- , 
COKHX KOHICHTpalluaAx cbepMeHTa, Kora OTHOCH- 
TeJIbHOe cosepxKaHve HCxofHoro cyOcTpata, Ha- 
oOopoT, MonHxKaJiocb. Ilo-BHq_HMoMy, TaKOH xox 
KPHBOH CelyeT OOBACHUTD HHTHOMPYIOULHM BJINA- Puc. 2 
HHe€M poOAyKTOB peakuHH (B aHHOM cwly4ae 
TerHApoackopOuHOBOH KHCJIOTHI), KOTOPbie Bce Goviee HAKaIIMBAIOTCHA C MOBbI- 
WIeHHeM KOHICHTPallHH (epMeHTa IPH MOCTOAHHOH KOHeHTpallHN CyOcTpara. 

STo Mpesnouowenve OblJIO HAaMH MpOBepeHO TpAMBIMH 9KCMePHMeHTAVIbHbI- 
MH OMNbITaMH, B KOTOPbIX K HCIIbITyYeMOMY pacTBOpy LoOOaBAOCb ONpeeteH- 

Hoe KoJIMY¥eCTBO Terns poackop6uHo- 
= BOH KHCJIOTHI. 

IIpenapat jlerugpoackop6rHoron 
KHCJOTbI Nodyyaica myTem 50-Kpar- 
Horo mponycKkKanua 4% BoyHOro 
pacTBopa aCKOPOHHOBOH KHCJOTDI 
yepe3 KOJOHKY aKTHBHAPOBaHHOro 
yrs, cofepskamyio 5 1 HacpllleH- 
HOO aCKOpOHHOBOH KHCOTOH yr- 
Jd — HOPHTa (MOPiOTHTeIbHaA eM- 
KOCTb yruia cocraBaada 150 mr ac- 
KOpOHHOBOH KUCsOTHI Ha |r yraa). 
Bo spema MponyckaHunA pacTBopa yepes KOJIOHKY yraA ackopOMHOBaA Kuc- 
joTa No AeHcTBHeM KHCJOposa Bosfyxa NocTeneHHO OKUCIANACh NO Weruy- 
poackopOuHoBou KuC OTH. lyOuHa OKHCJICHHA KOHTPOJHpOBalach NyTeM THT- 
popanua 0,001 M KJOs; 41a KonTpoia MpoBepsAsocb BocCTaHOBeHHe Jeruypo- 
ACKOPOMHOBOH KuCOTH TOoKOM HeS c nocaenyomum mpoxyBanuem Ne Jo yya- 
neHusd H2S u nopropHibim THTpoBaHHem pacTBopom KJOs. 

Tlonyyenupli yKasaHHbim o6pasom 2,5% pacTBOp AeruspoackopOuHOBok 
KUCJIOTH MOOABAJICA Cpa3y Mocse NoOWyYeHUA Wpenapata K pacTBopy, cofep2xKa- 
memy 3% ackopOuHoBOl KuCuOTHI HM 2,5 mr/Mus (bepMeHTAa B KOHEYHOM pacTBope; 
KOHe4YHAA KOHILEHTPalluA WeruApoackOpOuHOBOl KUCJIOTLI B STOM PacTBOpe Co- 
cTapiana 15%. 

PesyJbTaTHI ONbITOB MpHBekeHbI Ha puc. 3, H3 KOTOPOrO BUAHO, 4TO dbepMeH- 
raTHBHaA AKTUBHOCTb Ie€pOKCHa3bl, MPOABJAIOULaACA B HOPMAJIbHOM pacTBope 
(kpuBan 1), NOMHOCTHIO NosaBAeTCA B MpHCyTCTBHH WeruspoacKopOuHoOBoN 
KUCOTHI (KpuBaax 2). Takum oOpasom, mposykT peak — JeruspoacKopO6u- 
HOBAA KHCOTa — JlelicTBUTeIbHO OKa3bIBaeT MHTMOMpyloulee BIMAHHE Ha ak- 
THBHOCTb NepoKcuasbl, KOTOpoe OObACHHAeT XO KPHBOM Ha puc. 2. B oGenx 
MCCJIEMOBAHHBIX CHCTeMAX MbI He HaGMOMaM yCUeHHA (bepMeHTaTHBHOH akTHB- 
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Pue. 3 
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HOCTH C KOHILeHTpalnelt (bepMeHTa, KoTOpas, Hampumep, HaGsoanacb Poem (*) 
fA apvscysmbpatasp, mpaBya, HaOmoyeHve Pos ocTaeTcH e2MHHUHDIM B JIM- | 
TepaType. 

TlonyyeHHaa HaMH JIMHeHHad 3aBHcuMocTb B 100-KpaTHOM MHTepBasle KOH- 
WeHTPalHN JIA B-aMUsa3bI, KOTOPaA YaCTO UCNOMb3yeTCA AIA MOMyYeHHA KO- 
allepBaTOB, HMeeT 3HauveHHe B CBA3H C MoBeeHHeM (PePpMeHTOB B KoOallepBaTax. | 

B pa6otax A. HW. Onapuna c corp. (°) blo MpoeMOHCTpHpOBaHO, YTO B 
KoallepBaTe C aMHJIa80H AKTHBHOCTh (pepMeHTa HMKe, YEM B BOMHBIX PaCTBOPAX | 
BeULeCTB, H3 KOTOPHIX OH HowyueH. HamMuve THHeEHHOM 3aBHCHMOCTH JIA aMH- | 
a3bl B pactBope B 100-KpaTHOM HHTepBavie KOHIeCHTpalHit MOKa3bIBaeT, 4TO |} 
NOHWKeHHe AKTHBHOCTH B KoallepBaTe He OOYCJIOBJICEHO MOHHKeCHHEM YleJIbHOH } 
KaTaIMTHYeCKOM AKTHBHOCTH depMeHTAa, a OOBACHAeTCA 3aMeeHHeM Auddpy- | 
3MOHHOM CTaluM (epMeHTATHBHOHM peakUMH B KoallepBaTe, OlarosapA HeoOxo- 
IMMOCTH HpOHHKHOBeHHA cyOcTpaTa B KallIM M OTTOKA MpoyKTOB peaKIHH. 
3a HCKMOUeHHeM 3TOTO OOCTOATEJIbCTBA, OOULee KOJIMUeCTBO BeLeECTBa, KOTOPOe 
MOXKeT nepepaOoTaTbh WaHHoe KOJIMYeCTBO (bepMeHTa B pasOaBJICHHOM HJIM KOH- 7 
I\EHTPH POBaHHOM pacTBope (HJM B Kanvie), IPH HaM4HH JIMHeHHOH 3aBHCHMOCTH | 
OAMHAKOBO, T. e€. OOpasqBaHHe KallevIb He aeT IPeHMyLecTBAa B OOMeH SPPeKTHB- | 
HOCTH (epMeHTATHBHOFO MpeBpaulenuaA. OMHaKo pe3koe yBeJIM4YeHHe KOHILeHTpa- | 
UHH (epMeHTa B Kalle KOallepBaTa MpHBOAMT k Ooslee pe3KOMY YMCHbILeHHIO ¥ 
JOKAIbHOH KOHIMeHTpalun cyOcTpatTa B Kalle, YTO JOJRKHO IPHBOAKTb K BO3- 
HAKHOBeHHIO MOCTOAHHOFO IIPHTOKA BeleCTB B KalliO H3 OKpyKatoulek cpesbl } 
HW MIpeBpallleHulo Kall KoallepBaTa (pepMeHTA B OTKPLITy10 cucTemy (°). Tak Kak ¥ 
9TO OOCTOATEbCTBO HMeeT OOMLee 3SHAYeHHE JIA BCeX PEPMEHTHBIX KOALLePBaTOB, 
TO OTCIOa culelyeT, YTO OCHOBHOe NpeHMYyLeCTBO OOpasoBaHHA KOaLepBaTOB 
B 93BOJNOIHOHHOM pa3BHTHH 3aKJOUaIOCb He TOJIbKO B CTpyKTYpHOM o60c00- 
JICHHM H OpPaHh3allHH pearupyIoulHX BeuLeCTB, HO H B CO3/aHHH 3JIEMeHTapHbIxX 
OTKPBITHIX cHcTem (‘). 


MuerutytT GuHoxumun um. A. H..Baxa Tloctynu0 
Axkazemun HayK CCCP 31 X 1960 


HWMTHPOBAHHAH JIMTEPATYPA 


tM. Dixen, E, Webb, Enzymes, 1958) p. 6407S" Lauter, Cereal Chem 
21, 26:(1944)) © K. Wallentels, E: Berut, G Lin bers, Angews (Chennam 
65, 581 (1953). 4A. B. Roy, Bicehem. J., 55, 653:(1953). © A.W. On apne 
T. E: Espewunopna w oup., MUSH, 104, 5811955). 8 A. PAT acnn cx un eens 
COBp. OuoOm, 43. 200 (1957). “A. MW. Onapun, BosHuKkHopenne *xKH3HH Ha Semue, Haz. 
An CCCPY W957: 


718 


Hokaagn Akagqemun nayrk CCCP 
1961. Tom 137, Ne 3 


IKOJIOTHA PACTEHHH 


P. K. CAJIAEB 


O BJIAAHHH KOPHEHM B3POCJIbIX JEPEBbEB COCHbI 
HA MOJIOJ BIE CEAHUbI MPH BUIM3KOM MPOH3PACTAHHH 


(ITpedcmasaeno arademurom B. H. Cyxaueeoim 18 XI 1960) 


O BIMAHMM KOpHeli B3pOCJIbIX pacTeHHit Ha MosOAbIe CCOOM K HacTOALULeMy 
BpeCMeHH HMMeeTCA PAM SKCIepHMeHTaJIbHbIX paOot. IIpo6crunr u JbKuAbMoOp, 
MccHelyA STOT BONpPOC y TVJIOMOBbIX, NOKasaJIH HaJIM4He TOKCHHOB B KOPHAX 
B3POCIbIX JepeBbeB NepcuKa (1°). OTH TOKCHHbI, IPOHHKaA B MOUBY, OKasbiBaJH 
yrHeratoulee JeHCTBHe Ha MOJIO{bIe CexHUbI. HanOoee NOHO BOMpoc O TOKCH- 
Hax OblJI H3y¥eH B paOoTax BonHepa, MpMBeAUWHX K OTKPHITHIO BellecTBAa (TpaHc- 
KOPH4HOM KHCJOTHI), MpoLyUHpyeMoro KOPHAMM B3POCJIbIX PaCTeHHi TBarOJIbI 
HM TOKCHYeCKH JleHcCTBylOUlero Ha ee CeAHILbI (*). 

B mecHbIx CooOulecTBax OTpHaTebHOe elicTBHe KOpHeli B3poculoro ApeBo- 
CTOX Ha pOCT HM pasBHTHe MOJIOMbIX pacTeHHii Opluio MoKa3aHO Bpa- 
OoTrax @Mpuxe (*), B. IT. Kapnosa ('~*), Cyupt (*) u gap. To muennto 
B. [. Kapmosa, ocHoBHad NpW4unHa OTPHaTebHOrO JelicTBHA KOpHell B3poc- 
IbIX JEPeBbeB 3aKIOUAeTCA B MCCYIICHHH BEpXHAX TOPH3OHTOB NOYBHI, B Pe3YJIb- 
rate Yero HapyluaeTcA XO, OCHOBHbIX (U3HONOrMYeCKUX MpoweccoB y NoLpo- 
cra (?). JlanbHelimiee pasBuTHe UcCJeqOBaHHH B 39TOM HallpaBJIeHHH ABJIAeTCA 
UPeSBHIYaHHO BaXKHbIM, TaK KAK MO3BOIAe€T MHOFHE BOMpOcb! PUTOMeHOJOrHH 
A JIECOBOACTBA PelllaTb Ha OCHOBe TOUHIX JKCNEPHMCHTAJIbHBIX JaHHbIX. B -cBA3H 
> STHM OOJIUION MHTepec IpelcTaBIAeT U3y4YeHHe BHYTPCHHUX PUSHOJIOrHYeCKUX 
M OMOXUMHMYECKUX IIPHYIMA OTPUILATeJIbHOrO BIMAHHA KOPHeH B3POCJIbIX JepeBbeB 
HA MOJIOJIbIe CeSHILHI. 

Uccneqopanus, pesysbTaTbl KOTOPHIX M3araloTcA B HacToOsIMel padote, 
SLIM MpPOBEeHbI HA OMbITHOM JIECHOM IIMTOMHHKe, 3aJ10X%KCHHOM B 3alOBeHHKe 
<KuBay», Ha MeCuaHbIX MouBaX B THME seca COCHAK-OeJIOMOLIHHK. SaTeHAromjee 
3JIMAHHE KPOH B3POCJIIX JepeBbeB OblIO MpakTHYeCKH COBepLICHHO yCTpaHeHo, 
faK KaK OMbITHBIMH MOULaKaMH CJlyKHJIM PpALbI COCHOBLIX MOCeBOB, Pacmoo- 
KeHHbIe Ha pacctosHuu 7—10 Mm K lory 4H wro-3anayly OT KpaHHuXx JepeBbeB pel- 
KOrO COCHOBOrO Jieca. 3oHa pacMpocTpaHeHHA KOpHel OMyWIeyHbIX JepeBbeB 
3AXBATIBANA TIPMMePpHO OKO.IO 1/3 —*/9 MHbI rps. Takum oOpa3om, ova M0- 
IOBHHA KAKO PpAAbI, HAXOMAULAACA B 30HE PaCIpoOCcTpaHeHHA B3POCJIbIX KOp- 
Jeli, CUUTAIACb OMbITHOM; Apyraad NoMOBUHA CJyKUIa KOHTpoueM. Jia ompene- 
ICHHA CTEMCHM HACHINLeHHOCTH BepXHero TOPH30HTa MOYBbI KOPHAMH CeAHILCB 
‘OCHbI MH KOPHAMM B3POCJIbIX HepeBbeB Ha ONbITHOM H KOHTPOJbHOM yuacTKaXx 
IBYX [pA Obl B3ATHI MOHOMUTHI raryOuHOH 30 cm, wHpHHON 30 cM H AMHOH 
i m. M3 sToro oObema BbIOMpauch Bce KOPHH, MpwHayekKaBuiue CeAHWaM H 
33POCJIEIM JepeBbsAM. Yuer mpou3Bosusca no cpakuuAm: Oojee KpyMHble Kop- 
iM TOJULMHOM CBbIIe 2 MM UH TOHKMe — MeHee 2 MM AMameTpom. KopHu OTMbIBa- 
IMCb B BOfle, BLICYMIMBAIMCh HM BSBeLIMBasucb (TaN. 1). Kak noKasbiBaloT WHd- 
JOBbIe JAHHbIe, NOUBA ONDITHBIX YYACTKOB Ppa Opia CHAbHO HacpIllkeHa KOPHA- 
(MI B3POCJIIX JEPeBbeB COCHbI, B TO BPeEMA KaK Ha KOHTPOJIbHBIX y4acTKaX KOPHH 
SSPOCBIX JEPCBEB OTCYTCTBOBAIIN. 

B koutle mepvogwa Bererauuu (1X) c ONbITHDIX MH KOHTPOJIbHbIX y4aCTKOB 
leTHIPeX Ppa Obi BEIKONAHBI oOpasibl cexHtleB B KoMMUecTBe 150—200 uTyK, 
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Taoauuna f 


SarpysKa MOUBLI KOPHAMi BapoOcsbIx JepeBbeB MH MOTOZBIX CceAHUeB 
(B rpaMMax cyxoro Beca Ha OObem TOUBBI 38030100 cm) 


Onuit KoutTpoub 
Ne KOPHH B3pocu. KOPHH ceAHUeB | KOPHH B3poca. KOPHH cevAHWeB 
TPATRH. i 2 ee ee 
>2 MM | <2 MM >2 w| <2 MM >2 | <2 MM| >2 MM | <2 MM 
4 16; 12 ire -- doe a —— — A op 
2 18,69 44650 1 0,99 ee a a Pe 2,42 


KOTOpPbI€ MOCJi€ NPOMbIBaHHA B BOse (PUKCHPOBAaIHCb BOLAHDIM TapOM B TeyeHHe} 
5 MMH. 3aTeM CeAHIbI PaCWJIeCHAJIMCb Ha Ha3eMHYIO 4aCTb H KOPHH HM BbICyIIH-9 
BaJIMCb IIpH Temmepatype 60° Zo nocrosHHoro Beca. Iloc.le BbICyIIMBaHHA ompe-4. 
AeAsICA CyXOH Bec HaX3eMHbIX OpraHoB HW KopHelt 100 ceanieB u OpamMcb Ha-} 
BeCKH B lr qua onpeneleHHs oOuero asoTa H chocdopa. OsoeHHe mMaTepHana |. 
MmpoBogxusocb no [Imnesuuy (°), as0T onpeenicA Ha toToseKTpOKOOpuMeTpe | 
pH MoMomH peakTuBa Heccuepa (*), poctbop — TakxKe Ha PoTOs1eKTPOKOOpH- F 
MeTpe. 


TaOmunua 2) 


CyxoH Bec H cOjlepwKanHe a30Ta H Mocopa B ONITHBIX H KOHTPOUbHBIX CeAHIaX 


Onbit | : KOuTpOwIb 
! 


Cyxo# pee (r) . 
Hagsemuble yacTu 2,04. (2,790. 3, 0p. 4,38) 5,90, 16,5905 70S euiPe ee 
KopHu 4,78 41,67 2,86 2,601 3,20 3,72 4,68 4,200 
Conepxauue N u P (% K cyx. Becy) | 
{AG 2,271 eee p0l 2548: 9 29S a Oo eee | 


N., 

nae 1,03 1,26 0,64 4,36/1,75 2,58 1,60 1,67% 
Sia 0,26 0,25 0,28 9,29/0,48 0,40 0,44 0,44 
ome 0,38 0,42 0,24 0,371 0,47 9,51 0,38 0,44% 
os A6dcoOmMwTHOe CORepKaHue N u P B 100 

N cea HKaxX (Mr) 

cee 26,7 57,3 34,0 65,41/128,6 190,2 160,9 464,2 
Miles 18,3 24,1 18,6 35,2| 56,0 96,1. 74,9 74,4 
Hans 6,0 6,5 8,6 42,7] 28,1 25,6 92,9 31,7 
P copa 6,9 7,0. 6,0° 9,6,45.0 49,0 "a8 oe 


TlowyueHHble pesyJibTaTLI IpHBeseHb B TAG. 2. M3 Hee BUAHO, YTO CeAHIbE 
COCHbI, HaXOJMBUIMeCA MO BIMAHHEM KOPHeH B3POCJIbIX JepeBbeB, CHJIbHO OT- 
cTajiH B pocte. Macca cyxoro BemectBa 100 9THx CexXHIeB COCTaBJIAJIAa B Ccpey- 
Hem 40—55% oT cyxoro Beca CexHIeEB KOHTPOJIA. CeAHIbI He HCMbITHIBAIH 3a- 
TeHAIOMero LelHcTBUA JIeCHOrO Tlolora, MOSTOMY TakKoOe OTCTaBaHHe B pocTe MOxK- 
HO ObIIO OOBACHHTb TOJIbKO YXYAWeHHeM KOpHeBOro NuTaHHA. JLelicTBUTesbHO, 
KaK NOKAasbIBalOT aHHbIe TaOu. 2, CofepxaHve a30Ta MOHH3HOCb B CpesHeM 
Ha 32% B HaJI3@CMHBIX OpraHax HW Ha 43% B KopHaAX. AHaslorM4Hoe yMeHbIeHHe 
HaOofaetca HW B Cofep2xKaHHH docdopa. Eme Gonee peskoe pasmvune MexkAy 
KOHTPOJIbHBIMH M OMbITHBIMH CeAHILAMH OOHAPy2KMBaeTCA B aOCOJIOTHOM HaKorI- 
JIGHHH a30Ta H ocopa B 100 cesHuax. Sfecb ypoBeHb COjlep:KaHHA a30Ta KO- 
ue6etca oT 21 qo 49%, dhoctbopa — or 21 2055% no oTHOMIeHUIO K KOHTPOWO. 

IIpHBeyeHHble aHHbIe MOKA3bIBaIOT, YTO IIPHCYTCTBHe B HOUBe KOPHel B3poc- 
JIbIX J€PeCBbeB COCHbI OTPHIWAaTeIbHO CKa3bIBaeTCA Ha a30THO-poctpopHOM HHTa- 
HHH CesHIleB STOM [A peBecHo Moposhl. OcTphi HefocTaTOK a30Ta B NepByto oue- 
peAb OTPHIaTeJIbHO CKA3bIBaeTCH Ha CHHTese OeIKOBbIX BellecTB. Docdopy, 
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K4K H3BeCTHO, MpHHaIeKUT BELYUai PO/lb B OOMeHE SHEpruei MpH CaMbIX pa3- 
JIMYHBIX OMOXMMMYeCKHX Mpoleccax: AbIXaHHu, PoTOCHHTe3e, CHHTe3e OeAKOB, 
MKUPOB H Apyrux coequnennh. Mcxosa u3 sToro, MO*KHO MpeAMOMOXKUTh 3aTop- 
MOXKEHHOCTb OCHOBHBIX OHOXHMHYeCCKHX TIpoleccoB y CeAHIeB, HAXOMHBINUXCH 
TO], BIMAHHEM KOPHel BSPOCJIbIX JepeBbeB COCHEI. O 3ATOPMOMCHHOCTH CHHTeTH- 
YeCKHX MPOlMeccoOB CBUACTEJILCTBYeT TAKKe 3HAYHTEIbHOe CHUMKEHHE KOJIMYECTBA 
MlaCTHAHbIX MMTMe€HTOB B XBOe OFIbITHBIX cesHWeB. OmpeeseHHe MHrMeHTOB 
MeTOOM KOJIHYeCTBEHHOM XpoMaTorpaguH Ha Oymare MoKa3auJo, ITC coepxKaHue 
XJOpopusIoB a H b B XBOe OMBITHBIX C€AHIEB COCTABJIAeT, COOTBETCTBEHHO, 
49 u 41,3% of cofepxkaHHaA STHX MHIMeHTOB B XBOC KOHTPOJIbHBIX CeAHUER. 
‘KommyecTBo KapoTHHOHJOB TakxKe CHYWKaAeTCA Ha BeHUHHY oT 35 Jo 40%. 

Ceitgac TpyJHO CKa3aTb, ABJIACTCA JIM yXyWIeHHe a30THOTO H docdopHoro 
NHTAHHA CeAHILEB CJIECTBHEM TOJIbKO OO€HEHHA MOUBLI STHMH 9JIEMCHTAMH BB LY 
UX NOPsouleHiA KOPHAMH B3pOcuJIbIX epeBbes. BosMoxKHO TakxKe, YTO HeEOCTATOK 
aszoTa HW docdopa oOycoBJIeH TOKCHYeCKHM J[eCHCTBHeEM KOPHeBbIX BbIJeeHHIt 
‘B3POCJIbIX JEPeBbeB, KOTOPble y CeAMHIEB CHH?2KaJIM CMOCOGHOCTh K AaKTHBHOMY 
TIOFIOULEHMIO 3JIEMeCHTOB MMTaHHA U3 MouBb!. Cy MO BbICOKOMY CosepkaHHto 
B MOUBe KOPHEH B3pocJIbIX MepeBbesB (Tad. 1), KoTOPpoe BO MHOro pa3 MpeBocxo- 
[MT Maccy KopHeli CesHeB, TAKOe KOJIHYECTBO KOPHEHi B3POCJIbIX EpeBbeB OK - 
HO 3Ha4HTeIbHO OOe2HUTb MOYBY MOABU2KHBIMM CoeAMHeHHAMM a3zora Hu cocpopa, 
a TakxKe CHJIbHO YMeCHbINHTb KOJIHUeCTBO JOCTYNHOH Barn B House. Jin 
BbIACHeEHHA BOMpoca O HaJIHYHH TOKCHYeCKHX BeILeECTB B BbILeIeCHHAX KOpHeii 
B3POCJIOH COCHbI HYKHbI JOMOJIHHTeJIbHbIe HCCeqOBaHHA. M3 WaHHbIx HacTostteit 
paOoTbl MOXKHO CilelaTb BbIBO, JIMLIb O TOM, 4YTO IIpH OH3KOM TIpoHspacTaHHh 
B3POCJIbIX JepeBbeB COCHbI H MOJIOMbIX CeAHWEB ITOH We MOPObl B3pocuple e- 
PeBbA MOFyT OTPHIaTeJIbHO BJIMATb Ha MOJOMbIe CeAHUbI. ITO BANAHHE B YCJIO- 
BMAX, HCKJOUAIOUINX 3aTeHeHHe MATeEPHHCKHM MOJIOTOM, OCYIUeCTBJIAeTCA Yepes 
KOPHH, B pe3yJIbTaTe uero y CeAHUeB HaOIOMaeTCA peskoe yXylleHHe a3orT- 
Horo ¥ cbocopHoro nuTaHHs. IlocueqHee MpHBOANT K 3HAYHTeIbHOMY oca6vie- 
HHIO pocTa CeAHLeB. 


Wucrutyt seca) Kapespexoro (puuinasa Tlocrynssio 
AkaylemHH Hayk CCCP 16 XI 1960 
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IKOJIOTH A PACTEHHH | 


B. H. CBHHAPEB 


B3AMMOOTHOWEHHA MEXKY OCHOBHbIMM WH MOACASKEHHbIMH | 
PACTEHHSMH B NOCEBAX KYKYPY3bI 


(ITpedemaeaeno akademuxom B. H. Cyxaueeoim 17 XI 1960) 


B MpOw38BOUCTBEHHBIX YCJIOBHAX KOJIXO30B H COBXO30B ¥aCTO HeoOop ypo- F 
ACB 3ENCHOH MACCbI H 3€PHa KYKYPYy3bl 3aBHCHT OT MOMHOTHI TpaBocTos. Tak, 
HallMMH OOcylelOBaHHAMM B KOWIXo3ax AcTpaxaHCKol o6macTH, npoBeeHHbIMH | 
B 1956 r., ObluIO YCTaHOBJICEHO, UTO MOJIHOTAa TPaBOCTOA MOCeBOB KYKYPy3bI M0 | 
OTICbHBIM KOX03aM, OpHralamM U 3BeHbAM KONeG6anacb oT 95 Ao 50%. Anano- 
rHYHY!IO KapTHHy H3peKHBAaHUA MOCeBOB KyKypy3bl HaOoqain Take DM. V1. 
@usnatos (1) B CapatoscKkolt o6. u JI. II. Benoycosa (?) B XapbKoBCKOH OO. 

B mpakTHKe JIA Co3qaHHA HeOOXOAUMOM NOJHOTHI NOCeBOB OOBIYHO mpHGe- 
raioT K TOCeBY HIM Moscayke B BbINAaBUIHe THE38La MOCIe BCXOJOB OCHOBHbIX 
pacTeHuli. OddekTHBHOCTH MolceBa H Nofcaqok He H3yyeHa, H, CeJOBATeIbHO, 
les1ecooOpasHOCTb HX OCTaeTCA AO CHX Nop HeACHOH. 

B tesiax H3y4eHHA acdpeKTHBHOCTH MosceBa KYKYPY3bI B BbIMaBUIMe rHesza 
WM BbISCHCHHA B3aMMOOTHOMeHHH MexKY OCHOBHBIMH HM MOJCaxKeHHbIMH pacTe- 
HHAMU HaMH B 1957 r. Ha KaMbI3aKCKOM ONOPHOM IlyHKTe AcTpaxaHCKOH OMBbIT- 
HOli CTAHIHH OblwIM MpoOBeeHbI COOTBETCTBYIONLHe UcceqoBaHHA. Jina sTorO Ha 
yuactke muoulaypio B 0,5 ra 6pldia nocesHa kyKypy3a ruOpug~ BMP 42 xpagpatHo- 
rHe3OBbIM ciocodom mo cxeme 7070 cm. M3 o6mlero uncaa Ha STON NIOULaLA 
10204 rHe3aa Mp OCHOBHOM MoceBe He OplsiIo 3acedHo 10%, unu 1020 rnesg. 
HesacestHHbie rHe3a paBHOMepHO pacnpeseAucb TO BCeH Nwouaqu nol- 
OMbITHOrO yuacTKa. 

Tloces KyKypy3bl pa3menlasicd No 306H, BCHaXaHHOM Ha raryOuHy 25—27 co. 
IlpeanocepHad o6pa6oTKa NOUBbI 3aKIOUaAIACh B OOPOHOBaHHH HM Tepemaike 
310M. B TeueHve BereTallMOHHOrO NepHoa NPOBOANINCh CHeMyroulHe Mepbi 10 
yxXoy 3a noceBamu: 1) npopexHBaHHe BCXOROB B (base 3—D5D HCTbEB C OCTABJe- 
HHeM B KaxKOM rHe3fe 10 ABa HanOovlee pasBUTLIX pacTeHHA; 2) AByKpaTHaA 
MpOnosKa B PHE3LaxX C OHOBPeCMCHHHIM MOTbKeHHeM MexkKAypxAquH; 3) olHa Mex- 
Aypsaquad oOpaOoTKka B AByX HallpaBJIeHHAX KOHHbIM KYJIbTHBaTOpoM; 4) ZBy- 
KpaTHad NOLKOPMKa NoceBa MHHepaJIbHbIMH YLOOpeHHAMH (B cPa3sy 3—5 AHCTbEB 
H llepe BbIMeTbIBAHHeEM MeTeIKM) H3 pacueTa NaoPaoKas Ha 1 ra np Kaxou 
moykopmkKe; 5) cemb nowHBoB. IlomuBpHad Hopma Opita oKoo 800 m® Bog Ha 
J ra. HwKHHH NMOpor BwaxXHOCTH B METPOBOM CJ10€ NOUBHI MOLWep2xKUBaJICA TIpH- 
MepHO Ha ypoBHe 75—80% oT mpeleIbHOH NoMeBOH BuarOeMKOCTH. 

OcHOBHOH MoceB KyYKYypy3bl Opi npoBegzeH 20 V. IlomHpre BcxofbI OTMeYeHEI 
26 V. Iloqcayka B He3aceaHHble THE3a MpoBosMacb B TPH cpoKa: 1) yepes 
5 [Hei moce BCXOMOB OCHOBHBIX pacTeHuu (31 V); 2) uepes 10 anet (5 VJ); 
3) 4epes 20 Heli Mocse BcxoqoB (20 VI). B Kaxkqoe rHe3qo BbICaKMBANOCh M0 
3—®8 sepen. Tlocue nosBJeHHA BCXOOB B MOACaKeHHbIX THe3LaX MpOBOMMOCb 
MpOpeKHBaHHe M OCTABJIAJIOCb, TAK %Ke KaK HM B OCHOBHOM TloceBe, Mo ABa pacTe- 
HUA B Hesse. 

HenocpeacTBeHubie HaOJIOMeHHA B MOCeBaX MOKAa3aJIH, YTO pOCcT M pa3sBUTHe 
MOACa*KeCHHBIX PaCTeHHH MpoTeKaJu ropa3slo MeieHHee, YEM Y OCHOBHBIX pacTe- 
Hui. TlogqcaxKeHHbie pacTeHHA, KaK MWpaBMJlO, OTMHUAIHCb MeHee HHTCHCHBHOM 
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KpacKoH WM HMeJIM ABHO yrHeTeHHHI BUA. Ilpu Ooee Mo3q,HUX Cpokax Nosica- 
TOK, T. e. depe3 10 uw 20 AHeH Noce BCXOJOB OCHOBHBIX pacTeHHH, OU€Hb MHOTHe 
43 MOCaKeHHBIX PacTeHHH JocTuraiH Paspi 5—7 nan 7—11 muctTbeB u Jaipyeli- 
mee CBOe pasBuTHe MpeKpaiiaiu. Hexotoppie pacTeHvx He BbIOpacbIBaJIM MeTe- 
NOK M He OOpa3o0BblBaJIH NovaTKOB. Takve pacTeHiAl UMeJIM YKOPOUeHHBIe MexK- 
Oy3JIHA, YACTb H3 HAX OYCHb CHJIbHO KYCTHACb, H OHH HMeJIM MpH3eMHCTYIO 
cBoeoOpasHy!o poseTouHy10 dopmy. 

B ca3bl MOJIOUHO-BOCKOBOH HU NOHO CieJIOCTH 3epHa OCHOBHbIX pacTeHHi 
C MOMOMbITHBIX H KOHTPOJIbHLIX BapHaHTOB OblIM B3ATHI NpoObl mo 20 rHe3sqam 
B II€CTHKpaTHOM MNOBTOpHocTH. PesyaibTaTbl aHau3a mpoO MpHBo_ATCA B 
ra61. 1. 


Lai Oran ry ay el 


IIpoyKTHBHOCTD OCHOBHBIX H MOLCaxKeHHBIX PacTeHHH B MOoceBax KyKypy3bl 
(cpeqHne jaHuHple) 


Bec pactenua | I4Ca0 nouar- Bec criporo Bec Bo3sqy- 
6e3 nouatTKa KOB Ha pacTe- mouatKa HO-CyXoro 
Pacteuua HHH , j nowatKka 
| r | % wT % r /o r % 
/ 
OcHosuie 1205 |100 1,20 |100 520 |400 276 |100 
IlomcaweHHple uepes 5 quell | ; 
ocuié BCXOJOB Goi ior ONl “O80 I) 66,16 1279 Ha, 7 | 168 | 6058 
Ilogcaxkenupre uepes 10 Heit 
mocye BCXOJOB Mio hee Os bOnh OO .W | 205 39,4 | 98 ie) 
Iloqcawenupre yepes 20 queit ae) 
Moce BCXOJOB Boe Wee ec Open [20.8 | 408 19,8 Fe wl Peeo 
| 


[Ipupezenuuie B Tad. | WaHHbIe NOKa3bIBalOT, YTO HHAMBUAYaIbHaA MpoLyK- 
THBHOCTh PaCTeHHii, NOMCaKeHHbIX B TPaBOCTOH KYKYPY3bl, MO BCeM MIpHBeeH- 
HbIM MOKA3aTeJIAM TOpa3lo HHKe, YeM Y OCHOBHDIX PaCTeHHi, HW pH 9TOM 3aKO- 
HOMePHO HM pe3KO CHHKaeTCA C YBEJIHYEHHEM Pa3PbIBA BO BPEMeHH MeXK Ly BCXO- 
J.aMM OCHOBHBIX PacTeHHH H CpoKkaMH Mocay\KH pacTeHHH. 

TakuM OOpa30M, OCHOBHbIe pacTeHHA B TpaBocToe KYKYPYS3bl OKA3bIBalOT 
SHaUHTeJIbHOe BJIMAHHe Ha POCT UH Pa3BHTHE NOMCaKeHHbIX pacTeHHH. Y Mo- 
CJIEMHAX B CBA3H CO cielMwyecKHMH (PHTOLWeHOTHYeCKHMH YCJIOBHAMH Cpe! 
OOHTAHHA Pe3KO CHYKAeTCA IPOAYKTHBHOCTh, 3alepyKUBaeTCA POCT H pasBHTHe 
pacTeHHu, B pesy/IbTaTe 4Yero MHOrHe M3 HUX ake He MpHcTyMawT K OOpa3s0Ba- 
HHIO, pelpOLyKTMBHbIX OpraHosB. 

Tloqo6ubii xapakTep pocTa HM pa3BUTHA MOJIOAbIX pacTeHHil HaOMIOaIH He- 
KOTOPble HCCAEAOBATeEIM B eCTeECTBEHHDIX JYPOBbIX (uTOMeHO3aX (°~°). OanaKo 
IIPHYHHHI 3aMeWVICHHOrO pocTa HM pa3BHTHA MOJIOALIX PacTeHHH B TpaBOcToe 
B3POCJIbIX PacTeHHH JO NocweHero BPeMeHH OCTaBaJIHCb He COBCeM SACHbIMH. 

WM. i. Borganoscxan — Ivensd (°) Bpicka3piBasia mpenooxKeHve, TO 
YIHeTeHHe MOJIOZbIX paCTeHHH B TPaBOCTOe BbI3bIBAeTCA KOPHEBOH CHCTeMOH 
B3POCNbIX PaCTeHHH.,,OTO MpeANosloxKeHHe BMOCIeACTBHH OplwIO NOATBEPA EHO 
SKCHEpUMeHTaJbHbIMH HcceqoBanuamu T. A. Pa6otHopa u JI. VW. Anmaso- 
Bo (°), KOTOpble yCTaHOBHJIM, YTO MejWIeHHOe pasBUTHe HW YrHeTeHHOe Co- 
CTOAHUME MOJIOJbIX PaCTeHHH KOHCKOTO WaBeJlsl B COMKHYTOM JIYrOBOM TpaBo- 
cTOe 3aBHCHT OT BJIMAHUA KOPHeBbIX CHCTeM B3pocsbIX pacTrenul. Hpn 
YCTPaHeHHH BOSeliCTBHA KOPHeH OKPyXalOulHX BSPOCJbIX PacTeHHii pa3sBu- 
THe MOJOMOrO MOMpocTa KOHCKOFO WaBeJIA 3HAYHTEMbHO yJIy4WaOcb. 

| Hamm HenocpelcTBeHHbIe HCCIeOBAHHA KOPHEBbIX CHCTEM Y OCHOBHbIX HU 
NlofcayKeHHbIX pacTeHHH Tak?Ke NWoOKasaJiM, 4YTO Y MOCMeAHHX KOPHH pa3Bu- 
BalOTCA 3HAYMTeIbHO claGee. KopHu y NofcaxKeHHbIX pacTeHHlt OYeHb cy1ado 
BETBATCA, UMCMO Y3IOBLIX KOPHel Topa3o MeHbille, YEM y OCHOBHDIX pacreHHi, 
M MIpHTOM KOpHeBasw CHCTeMa y NMOCaxKeHHbIX PaCTeHHM PasBUBaeTCA B OCHOBHOM 


723 


. 


B HOBepXHOCTHOM CJioe MOYBLI. OLHAKO 3aMeJVJIEHHbIA POCT HM pa3sBUTHe Tosca} 
XKCHHBIX PaCTeHHH 3aBHCHT TaKxKe MU OT 3aTeHCHHA UX OCHOBHBIMH pacTeHHAMH. | 

YyleuIbHBIM BeC OCHOBHBIX H MOMCaxKeHHbIX paCTeHHH B ypomae KYKYyPy3bl By 
nepecuete Ha | ra npMBoguTca B TaGd. 2. 


Tatuuna 2a 


CoorHouleHHe B ypOxKae OCHOBHBIX HM MOACaKCHHBIX PaCTeHHH B MOCeBaX KYKYPYy3bl 


[ B ToM uHcse 


3anenuas macca Bosfyuino-cyxue 
nowaTKH 
JIMCTbA H cTe6sH CbIpbie MOYATKH 
Pactenua a 
yo B 0 4 
u/ra ypo- % B ypo- % B ypo- | Wra se pag 
mae u/ra Kae u/ra yKae 
OcHOBHBIe 623,9 100 | 4329 100 191,0 100 104 ,4 100 
IlogcameuHble vepes 5 
quel mocme Bexonosp| 39,3 6,3 BT9 6,4 11,4 5,9 6,8 eel 
TloncaxkeHupie uepes 10 
mHeH mocae sBexoyos| 26,9 Ae 18,5 4,2 8,4 4,4 4,0 3,9 
[logcamkenupie vepes 20 
gHel Tocme BcxozoBp} 16,8 3,0 14,5 eke) PAs ge Pe pees 


Ms Ta61. 2 BHHO, 4TO NoOscalKa B YCJIOBHAX OPOIeHHA B TpaBOCTOH KYKY, 
pY3bI IpH HspexKenHoctTH Ha 10% uepes 5 AHel Moce BCXOMOB OCHOBHbIX pacTe 
HHH OKa3bIBaeT HEKOTOPOe BJIMAHHE Ha NOBBIINeHHe ypoxKad 3eeHOH MaCCbI U4 
uouaTkos. TloxcayKa xe B Oovlee 103,HHe CpoKH, T. e. yepes 10 u 20 nHeit Moca] 
BCXOJOB OCHOBHBIX paCTeHHii, MOUTH He JaeT a¢ddekTa B MOBbINIeHHA ypowKasA 
MaCCbI, H OCOOeEHHO MOUATKOB. 

B 6orapHbix ycsIOBHAX, Kak NoKagau ucciegoBaHHa JI. Il. Benoycoson (?), 
lloycalKa pH H3pexKeHHOCTH MoceBoB Kykypy3b! oT 11,8 qo 37% oT naaHoBoroy 
YHCJIa paCTeHHH MOUTH He OKA3a1a BIMAHHA Ha BeJIMYHHY ypoxwKad 3epHa KyKy- 
py3bl. 

TaKkHM OOpa3oM, PUTOMeHOTHYeECKHM aAHaJIM3 MOKa3aJ1, YTO OCHOBHbIE pacTe- 
HHUA MOCpeMCT30M KOPHeBbIX CHCTEM i 3ATCHEHHA Pe3KO CHHKAIOT HHAMBULYaJb- 
HYIO MPOMYKTHBHOCTD, 3aflepxKHBalOT POcT HM PasBUTHe MoACaKeHHbIX pacTeHHii 
B TpaBocToe kykypy3bl. [lostomy c TOUKH 3peHHA CPHTOMeHOJIOrHM STOT MpHem | 
He MOXKEeT ObITb PEKOMCHOBAH MPOH3BOACTBY AIA Co3,aHHUA HeOOxoMMol Mou- 
HOTbI HacaxKeHHA B TOceBaX KYKYPy3bl. 

Heo6OxouMol MOJHOTI HacaxKeHHA HYKHO OOMBaTECA mpH mocese. Jia 
STOH WeJIHM B OPOWaeMbIX YCJIOBHAX MOHMbI HM AedbTb BowIrH KoJIMYeCTBO BBICe- 
Bae€MbIX 3€PeCH HYXHO YBeJIMYHBAaTb MpOTHB HOPMbI JIA CEMAH NepBoro Kulacca 
Ha 10—12%. B apyrux 2Ke palioHax kykKypo30cexHHA — c HeOMaronmpHATHbIMH 
MOrOAHbIMH YCJIOBHAMH BeCHbI H BbICOKOM CTeNMeHbIO U3PpexXHBAHHA TMOCeBOB 
KYKYPy3bl — KOJIMYECTBO BbICeBaAeCMbIX CEMAH CJleLyeT YBeHUHBAaTb Ha 20—30 
HW MaxKe 40%. 

Tloctynuso0 
16 XI 1960 
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San. Jlenuurp. Toc. yuus., cep. Ouom., 29 (1940). ® T. A. Pa6orTuos, Tp. Bor. unct. 
uM. B. JI. Komaposa, cep. 3, s. 6 (1950), © T. A. Pa6otuos, J. HW. AnmasoBa, 
JIAH, 94, Ne 2 (1954), 
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Hornaye Akawemuun nayr CCCP 
1961. Tom 137, Ne 3 


PH3HOJIOTHA PACTEHHH 


A. M, CHHIOXHH u A. CTOJIAPEK 


M3MEHEHHE PHTMHYECKHX KOJIEBAHHM BHOMOTEHILMAJIOB 
B OHTOFEHESE KOJIEONTHJISA KYKYPYS3bI 


(ITpedcmaeaexo akademuxom A. JI. Kypcanoeeim 30 XI 1960) 


QAeKTPOpusHoorMyeckHe UCCJelOBaHHA HTpaloT CyuleCTBeHHY!O POJlb B 
OObACHeHHH TponH3moB ('~°). B HeBosOyxXeHHOM COCTOAHHH KOJICONTHIb Ky- 
KYPy3bl XapakTepH3yeTcA NpOAOMbHOK NOMApHOcTHIO MopsAKa 50 mB, npHuem 
BePXYWIKa J/IEKTPOOTPHLATeIbHa MO OTHOWeHHIO K OcHOBaHHIO. HanOouee oT- 
PHaTeJIbHad 30HA JleKUT Ha paccToAHuM 7—8 MM OT BepXyUIKH. 3ecb HAaO.IIO- 
faeTCA MAKCHM@JIbHad palWabHad MOMApHOCTb. OKoOJIO CaMOM BepXYIKH KO- 
JeONTHIA PaSHOCTb NOTeHIMaOB KoNeOeTCA B Mpewetax 5—7 MB, a B paiioHe 
7—8 mM — B nipefenax 10—15 mB. OnextTpono- 
JIAPHOCTb B Mpeflesax BepxHux 15—18 mM xa- 
pakTepusyeTCA NOJOKUTEMbHIM 3HaKOM Ha 0 
BHYTpeHHeH CTOPOHE KOJIeCONTHIA MO OTHOUIe- 
HH1O K eFO BHeLIHeM MoBepxHocTH. B 6a3anbHOH 
o61acTH, HaOOOpoT, IIEKTPOMOJOKUTEMbBHOCTHIO 
XapakTepH3yeTCA BHeIHAA CTOpoHa KoOeonTH- 
na. IlonepeyHaa mojspHocTb, B oTIHUHeE OT 
NpOOJIbHOU, He OOHAPy2KUBaeTCA B BEPTHKAJIbHO 
OPHe@HTHPOBaHHOM HeBO30y2K],CHHOM KOJIeonTHe 
(puc. 1). 

_ Ilpm pasyqpaxenuu kouleontTHa Bo3s6yxKeH- 
HbIM YYAaCTOK CTaHOBHTCA 93JIeEKTPOOTPHILaTeJb- 
HIM 110 OTHOLMICHHIO K MpOTHBONOO*KHOK cTopo- 25 
He opraHa. QuieKTpHueckad nonepewHad MomAp- 

HOCTh OOHApPyXKHBaeTCA paHbille, YeM Mpoucxo- pee 
MMT Mepepacnpeyeienue fTerepoayKcuHa, He 
ropopa ye oO NosBNeHuu u3ru6a ('~*, *,”). pyc. 1, SnexrpononapHocts Bep- 

Pe3yJIbTaTbl HalllMX SKCNe€PHMCHTOB Ha KO- THKaIbHO OpHeHTHpOBaHHOTO KO- 
JieonTHle KyKypy3bI copra Munuecora 13 waxo- TeonTH4A KYKYPYSH CoPTa ea 
JATCA B COOTBETCTBHH C JaHHbIMH, KOTOpble pa- 

Hee OblWIH MOJLy4eHbI Ha KOJIeonTUse OBCA (*). 

OfHaKO B OTJIMYHe, OT MMCIOUIUXCA B MTepaType AaHHBIX, HAM OblJIM OOHAa- 
py2XeHbl CNOHTaHHbIe KOIeOaHHA OMONOTeHWManoB y KOJeONTHIeH KYKYypy3bl 
TIpH TePMOCTATHBIX BHeIWHHX ycoBHAX. Hanwuue pHTMHueCKHX U3MeHe- 
HMM OMOMOTeHIMaIOB BHOCHT CYIIeCTBCHHbIe KOPPeKTHBEI B OObACHEHHA 
POCTOBbIX MpoleccoB, MOsSTOMy HaMH Oblla ocTaBJeHa 3ajaya noxpobHee 
MCCJIEMOBATh XapakTep 3THX H3MeHEHHH Mpw MOCTOAHHHIX BHeLWIHHX yCJO- 
BHAX. 

B OMMCbIBaeMEIX OMbITAaX WCMOMb30BaIHCh KOJeONTHIM KyKypy3bl Munue- 
coTa B BospacTe or 3 yo 8 AHeH. []popamuBaHve ceMaAH BeOCb B CTCKJIAHHbIX 
610KCax TipH KpacHom csete. Jia onpeyeseHua Opanucb KOMeONTHIM onpese- 
neHHOli JIMHbI. OMbITLI MPOBOLWJIMCbh MpeHMylecTBeHHO B MepBoH MoJOBHHE 
HA B TeveHHe 3—4 yac. 4 B pa3zIM4HOe BpemMaA Tosa (BECHOM, 3HMOM H OCeHDbIO). 
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Boicoma Koneonmuns 


. 


TlorenuHasbl U3MepAJIMCb pH MOMOMIM XOpcepeOpAHBIX SJIEKTPOLOB Ha 9/IeKT= 

poMeTpe, BbINOJHeHHOM Ha Jamie IOI] u nmocrpoeH#HoM mo MocToBol cxeme}ii 
Jto6puyzxa — Bapra (°,°). Usmepenua npoBosusucb Np KpacHoM cBeTe B 9KPa-p 
HHpOBaHHoH Kamepe (°). OMMH Su1IeKTPO, yCTaHaBJIMBAJICA Y BEPXYUIKH, BTOpok —|¢ 


Puc. 2. Cxema Hao- 
»KeHHA H3Mep AIOWLHX 
QJIEKTPONOB Ha KOVie- 
ONTHIb KYKYpy3bl. 
OObaACHEHHeE B TeEKCTE 


OjHako OMONOTeHIMAaJIbI HSMCHAIOTCA He TOJIbKO B Mpoiecce POPMHPOBaHHA | 


CTBUIAJICA C MOMOILbIO BHCAYeH KalJIH BObI H MOsBeseH-|f 
Horo K Hel arapoBoro mocTuKa (?°). 1p 


JIMCb Ha JiBe CepHH. |: 

I cepus. IIpH nocraHopKe 9KCMepHMeHTOB 3STOHIC 
CepHH CTaBHJIaCb Ie@Jib BbIACHHTb XapakTep H3MeHeHHs 
paSHOCTH HOTeHILHAIOB MeKAY BePXYLIKOH WH OCHOBaHHeM}} 
KOJICONTHJIA B mpolwecce ero OHTOreHe3a. 

B 9THX OMbITaX NepBbIH SeKTPOL OblJI ycTaHOBJIeH yy: 
BePXYIIKH, a BTOPOl — y OCHOBaHHA KOJIEONTHIA KYKYPpy-}) 
3bL (pc. 2a). Kak NoKa3aIH MpoBeqeHHble HaMH M3Mepe-} 
(OpMHPOBaHHN KOJICONTHIA, H KOA OH JOCTHaeT BbICOTHI] 
18—28 mM, oHa paBHaetcs B cpeyHem 50 MB. Ilo mepe} 
CTapeHHA KOJICONTHIA 9. J. C. yMeHbIaeTca. Y cTapbixy 
KOJICONTHJIeH, JOCTHTMIHX BbICOTh! 50 MM, pa3HOCcTb TO- 
TeHI|HasloB paBpHsetcsh 10—20 mB (puc. 3). 


oprana, HO H B TeveHHe CYTOK IPH HEM3SMeHHbIX BHEWIHHX yCJIOBHAX. Kak BUAHO 
W3 pHc. 3a, y KOJeCONTHIA KyKypy3bl HaOMOAawOTCA PHTMHYeCKHe H3MeHeEHHA 
OHONOTeHUHAIOB, YaCTOTAa HM AaMIJIMTYa KOTOPbIX YMeHbIUaeTCA C BO3PpaCTOM 
oprana. Y koJleonTHaa BEICoTOH 18 MM YacToTa puTMa oKOIO 60—80 muuH., 


i) a 
60 


50 
40 


40 
30 


} 
e 6 
IOS AO 6. aa x Re 160 haa 


10\ 


Puc. 3. Buonotenumabl KoJeonTHei KyKypysbl. Usmepenusa mpoBo_usuch WIA a —rO Cxeme 
puc. 2a, Aa 6 — puc. 26. Bricora Koneontuseli: 1 —18 mm, 2—30 mM, 3 u 6—50 mm,4 — 17 mm, 
5—19 mm. Paccrosune Mexyy W3MepsIouluMu 3leKTpogqamu: 4 — 12 mm, 6—5 mm, 3—18 wm. 


Temnepatypa oKpy2Katoulero Bo3yyxa 23° 


y KouleonTuaa 30 mm —100MuH., HO yxKe y KONeonTHIA BEICoTOH 50 mm —130— 
140 mun. OcoOeHHo ueTKHe KOJeOaHUA OTMeUaIOTCH y XOpOLIO pa3sBUTOrO KO- 
aeouTuaa. [lo Mepe crapeHuxt OpraHa M3MeHAeTCA aMIJIUTYLa KONeOaHHii pas- 
HOCTH NOTCHUHAaJIOB: y KOJeonTHIA BBICOTOH 18 MM OHa paBHsetca 10—20 mp, 
y 30 mm — 40—50 mp, a y 50 mm — 10—40 mp. 
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Il cepua. B fanvom cayyae perucTpHpoBaacb pa3sHOCTb MOTeHILHaJIOB 
MexKLY BEPXYIUKOH H cpequel yacTHIO KoJeonTHIA. M3 HaMIHXx JaHHbIX Mo Kyky- 
py3e HW JIMTepaTypHbIxX JaHHBIxX Mo oBcy (',") u3BeCTHO, 4TO HavOoviee 9IEKTPO- 
OTPHIaTeIbHaA 30HA Y KOJICONTHJIA JeXKUT B Ipeqemtax S—8 MM HH2Ke BEPXYLIKH, 
3fleCb Ke HaXOMNTCA OONaCTh CHIbHOH palwasbHOH NoMApHoctu. B sToH cepuu 
OMbITOB MbI NPHCoeAHHAMH OHH JIEKTPO K BEPXYUIKe KOJICONTHIA, a BTOPOH — 
K OOpaTHOH cTOpoHe KOJeONTHIA, OTCTYMaA OT BeplHHb! Ha 5—20 mm (co. 
puc. 260). 

Pe3ybTaTbl H3MepeHHA ZTOH CepHH OMBITOB BOCIMPOHM3BeeHbI Ha pHc. 30. 
Kak u BI cepHe, cpeqHAS pasHOCTb NOTeHILMAOB MeXKAY BepXYLIKOM MH cpequeli 
WaCTbIO YMeHbIUIaeTCA MO Mepe CTapeHHA KOJeonTHIA. Ec y KOJIeCONTH.IA BbI- 
coTtoli 17 mm oHa paBHsaJacb 34 MB, To mp 50 MM— 2 MB. 

Ilpeqnonaraetca, TO B H3MeEpAHeEMOM 30HE KOJICONTHJIA HAaXOAUTCA CeHCOp- 
Had WaCTb, KOTOPad MpHHHMaeT AKTHBHOe yuacTHe B TPONH3MaX B OTBET Ha BHELI- 
Hee pa3—paxKeHhe, B CBAH3H C 4eM 
QN€KTPOMH3SHONOrHMA STOTO yuacTKa 
KOJICONTHAA mpelcTaBseT ocoOpiit 
uutepec, M3 nowyueHHbIx HaMH JlaH- 20.40 60 80" 100_120_ 140 
HbIX ABCTBYeT, 4TO MH BO II cepnu 
OMbITOB pa3HOCTb MOTeHIHAaIOB Xa- 3 
PakTepH3yeTCH PHTMHUYECKUMH KOJIe- Pye, 4. Buonorenivalbl KoleonTuin KyKypy- 
OaHuamnu. IIpu stom KoNeOaHHA pas- 3b, BbIpawleHHoro npH Temnepatype 10—13°. 
HOCTH MOTeHIMaJIOB MexKy BepXyl- Bricota KoueontTHa 20 mm. Hamepenna mpo- 

"3 ° BOJHAHCb TO Cxeme prc. 2 a 

KOH HW cpefHel 4aCTbIO MPOABJIAIOT | 
XapakTep PHTMHKH B OovIbiel cTe- 
TieHH, YM MexXKLy BeEPXYLIKOM MH OCHOBaHHeM KoseonTHA. [lepHox Kojwe6aHnA 
B Cpe{HeM JIA KOJICONTHIA BbICOTOH 17 MM paBHseTcs 35 MHH., qin 19 mm — 
55 MHH., a 1 50 mM — 60 mun. Ilo mepe crapeHua KoNeonTHIA MepHoy Koute- 
OaHHA yIMHAeTCA, OMHAKO B JaHHOM CJly4ae STO MpOHCXOUT MeyIeHHee, 4eM 
MexKLY BepXyLIKOM MH OCHOBaHHeM. 

BeimavHa HW XapakTep H3MeHEHHH OnOIeEKTPHYeCKHX NMOTeHIWLMAaOB 3aBH- 
csaT OT TeMHepatypbl. Korga koweonTub BEIpamuBasca upu 1O—15°, ro purmu- 
KM H3Me€He€HHH OHONOTeHIHAJOB MpakTHYeCKH He HaGsIOMaNocb (puc. 4). 

PuTmMvyeckHe CMOHTaHHBIE KOJIeOaHHA 9. 7. C. MPH MOCTOAHHBIX BHeLIHHX 


yCJIOBHAX OOHAPyKeHbI y KOJICONTHIA OBCa H Ha ApyrHX opraHax pacrTeHHit 
‘Ge io) 
; : 


Pe3yubTaTbl MpOBeAeHHbIX HCCeELOBAHHH MO3BOJIAIOT KOHCTATHPOBaTb, YTO 


KONeOaHHA OHOMOTeHILMAIOB Y KOMeEONTHeH OOHApy2KUBaIOT PHTMHUHOCTh aHa- 
JOrH4YHO APyrMM MpOABJIeHHAM 2KH3SHEMeATebHOCTH pacTeHHli. B  paodore 
WM. WU. Tywapa c corp. (!?) moka3aHo, 4YTO PHTMHMYHOCTh (pu3HOsIOrHyecKUX 
TipomeccoB oOycioBleHa MepHoqw4uecKHMH U3MeHeEHHAMHM (byHKIMOHaIbHOrO 
COCTOAHHA TKaHei HM OpraHos. 


MockoBekaaA CeJIbCKOXO3AHCTBEHHAaA akajlemus Tlocry nso 
um. K. A. Tumups3epa 26 XI 1960 


UMTHPOBAHHAA JIMTEPATYPA 


Slee Xk On OR, Wap. tp., 2, Kues, 1956. *F.W. Went, Rec. trav. 
bot. neerl., 25,1 (1928). %A.C. Okaneuxo, BraegenneB ku. H.T. Xononuni, U36p. 
Tp., 2, Kues, 1956. 4A.R. Schrank, Plant Growth Substances, 1951, p. 123. 
5T. 3enmuur, Pocropsie Bemectsa y pacrennl, WJI, 1955. ° UW. WU. Pyuap, A. M. 
Cuuwxuu, Mss. TCXA, N 4, 7 (1959). 7A. R. Schrank, Sympos. Soc. Exper. 
Bile (i957); ° L. Du-Bridge, L. Brown, Rev. Sci. Instr, 4, 532 (1934). 
®G. Barth, Zs. f. Phys., 87, 399 (1934). 19 A.M. Cunioxunu, Buodusuxa, 2, s. |, 

1 (1957). ™4E. J. Lund, Bioelectric Fields and Growth, Texas, 1947. 12H. UH. 
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300JOTH A 


A. WH. HBAHOB 


K BHOJIOTHH HEKOTOPHIX AM@®HMOA YEPHOrO MOPS 
(IIpedcmasaeno axademuxom E. H. Iasaoscxum 16 XII 1960) 


buowvorua amounon, B TOM UHMCJIe HW VEPHOMOPCKHX, AO HAaCTOALLEro BPCMeHH 


usy4eHa oyeHb Maio. M3 46 Bugos, usBecTHEIx B UepHom mope (4), ToMbKO AIA F. 


CeMH HMeIOTCA OTPbIBOUHHIe WaHHpe. Mexkyy Tem 3HaHMe OMOJIOPHM OTAeJIbHBIX 
BHLOB HEOOXOAUMO JIA PeMIeHHA MpOOJIEMbI IpOLYKTHBHOCTH H BOMPOCOB PeKOH- 
CTPYKUHH cayHb!l BOLOeMOB, JIA BbIACHeHHA 3aKOHOMePHOCTeH Ce3OHHOM IK- 
HaMHKH KOPMOBOH Oa3bl. 

Amunojb! ABJIAIOTCA ICHHBIM O€JIKOBLIM, XOPOLUO YCBOAeMbIM MMULEBbIM KOM- 
MIOHEHTOM MHOTHX TIPOMBICJIOBbIX pbIO. BeTpesaeMocTb HX B Ke YyAKAaX MpOMbICAO- 
BbIX BHOB pblO, ocobeHHO y MOTO, RoxoguT yo 100% (7). Onn oOpas3yioT Ooub- 
IHe CKOMJe€HHA H C YCMeXOM MOFyT OBIT HCHOb3OBaHbI MPH PbIOOBOAHHIX pa- 
Gotax (1,°,5), a TakxKe IA SeKOBOH NO,KOPpMKH JoMauiHel NTHUBI (°) H CebCKO- 
XO3AHCTBCHHBIX 2KHBOTHBIX. 

Pa6ota No H3y¥eHHIO GHOJOrHA amunok mpoBosutacb c uioHA 1957 Yr. no 
aprycT 1959 r. Matepuan co6paH c 281 craHiuMH B CeBepo-3anaqHOl 4acTH 
Yepxoro mops, y SGeperop Kppima u B Kepyeuckom nmpesmpouMBHoM MpocTpaH- 
CTBe: 

HwxKe MbI BHeEpBbIe MPHBOAUM OCHOBHbIe CBeAeHHA NO OMOMOrHU Tpex BHAOB — 
YePpHOMOPCKHX amounog. 

Melita palmata (Mont.) pacnpocrpaHeHa wIMpoKo OT MOJOCHI 
mpHOosx Wo rayOunpt 112 mM Ha rpyHTe pasHUHOrO XapakTepa: Ha MecKe, MHHe- 
BOM Hie, PaSeOJIMHOBOM Mle. a TAK2xKe Cpequ 3apocuek punnoboppl. Oco6u Kpyn- 
HbIe, CaMKH 10,5 mM, camupi 12 mM. Cpequuii Bec B3pocsioh oco6u 17 mr. 

TIpomece pagmMHoxwkenua y M, palmata mpoucxomuT c MIOKA MO HOAOpb: 


LV ME WTS PVT x el 


Mxkponocuple caMku, % OT area LOO ats aa) 
Henkponocupie cam- 
KH, % 1007 2575205 VO SGet00 


CooTHOUueHHe TOJOB B TeyeHHe rofia He€MOCTOAHHO: 


VI VII VIIl IX x 


Camku, % Dig Oit2A,0) » Voce eaoy oO 
Camunl, % A350 718,025 0n mea one) 


Pa30B0e KOJMYECTBO OTKJIAIbIBACMLIX AIL Y CAMOK HCMbITHIBAeT Pe3KHe KO- 
JleOaHHA B 34BHCMMOCTH OT BpeMeHH roja, HO He MpeBpimaer 20 Aum Ha CaMKy. 
Cpequee uicyio Ux Ha camMKy B HioHe 10, mone 7, aprycte 11, centraOpe 7. Aina 
MeJIKHe, OBaJIbHO dopMpl. Bowbwoh WHametp paBex 0,54 mm, Masprit 0,36 MM. 
Cpequuii Bec oqnoro situa 0,2 mr. K MoHUy pasBHTHA sia yBenmunBaloTca: 
SombuIOK AvametTp jo 0,69 mM, Masri 0,51 mm. Mouogb Opicrpo pacrer H mpu 
ocTwxKeHuu 5 MM IIpucTymaeT K OTKJAaKe AIL. 

Nototropis guttatus (A. Costa) pcrpeuaerca or nonoce mpu- 
6o# No rutyOuHst 22 m. Pasmeppi 07 mM. Ilepvox pasMHoxkeHus y 9TOFO Busa Ha- 
4HHaeTCA B HIOHE, AOCTHIaeT CBOerO MAKCHMYM@ B HiOJIe UM AHTCA JO OKTHOpA. 
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pewiuee UMCO SMU Ha CaMKy OovbuIe BCero B rove (45) H CHH?KaeTCA K CCH: 
aopro (7). Y caMox JWIMHOIO 4 mM cpewHee unco ani 4, y CaMoK 4,5 MM -— 
au, y caMoK 7 MM — 14 ani. Tlpu HeOouIbuIMXx pasMepax CaMKH CpaBHUTeIb- 
(© OO/IbIIOe KOJIMYECTBO AML OMpeeAeT MEIKE HX PasMepbl. B cpeaHem OovIb- 
ioit Wuamerp sftua papen 0,44 mM u mavpiit 0,35 mM. Mostogpie caMKH, JocTHr- 
ys 4 MM, MIpHcTynaioT K pasMHOXKeHHIO. 

Ampelisca diadema (A. Costa) wiMpoKo pacmpocTpaneHa B 
epepo-salaqHol YacTH MOpsA, Y KPbIMCKHX Geperop Hu B KepyeHcKom Ipeq- 
[POJIMBHOM MpocTpaHcrTse, Ha rayOunax oT 3 fo 94 M. [’pyHr B MecTax o6uTa- 
Ma — TleCOK, MHAMeBad pakywika, (aseo/lMHOBbIM ULI. 

Pa3smeppi ocobeli — fo 15 mM. Hauasiom nepvoya pasMHoxKenHA sTOrO Bua 
jeyeT CUMTATb KOHel, anpestad — Hadao Max, TAK Kak B HMlome HapsAy co 
SPOCIbIMH MOABJIAIOTCA MOJOMbIC SK3EMILIAPbI pasmepom 5—6 mm. Co BTopou 
IONOBMHI MIO TOABJAIOTCA CAMKH C MOJObIO B MapCyMHaJIbHbIX CyMKax. 
3 ceHTAOpe MBI HaGOaem YeTbIPe PasMepHHIe PPYMiipl oco6ei, 4YTO COOTBET- 
TByeT TpeM reHepallWAM: B aripeue 8—9 mm; B HioHe 9 — 12 MM; B Hie 
)— 15 mM; B centa6pe 8 — 6, 5 — 3 mm, 2 — 1,5 MM; B HosnOpe 8—10 mo. 
_ Paszopoe KOJIM¥eCTBO AHI KoeOMeTCA B WHPOKHX Mpesetax, B Ode He- 
3eHKO (MaKCHMyM 27 AHI Ha caMKy) MH 3aBHCHT OT pasMepa CaMKH. 

_ Y camoxk AiMHoI0 7 MM CpesHee HCO auu 7, y camok 9 MM — 8 SIHIL, y Ca- 
wok 11 mm — 22 aiina. Alia opanbHolt PopMbI. B cpefuem Oosbilion AHamerp 
JapeH 0,52 MM, MaJIbIi 0,45 mm. Pasmep BbIxXofsalleH 43 MapcyNHaJIbHOM CyMKH 
Mosiowu papeH 1,5 mm. Moviogpie CaMKH, AOCTHPHYB 7 MM, HauMHaloT OTKJIAaLKy 


AIL. 
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A30B0-UepHomopekuit Hay4HO-HCC1efOBaTeJIbCKHi 
3 III 1960 


HHCTHTYT pbiOHOro XO3AHCTBa Hi okeaHorpatpHu 


LIMTHPOBAHHAA JIATEPATYPA 
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300J1IOTH A 


JI. HW. MOCKAJIEB 


MOrOHO®OPbI B BAPEHILEBOM MOPE 
(IT pedcmaeaexo axademuxom E. H. Iaenoecrum 23 1X 1960) 
Jlerom 1959 r. 8 MypmancKom MopcKom 6noaoruyeckom uHcTuTyTe AH CCCP 


MpOH3BOLNacb pasOopKa OenToca 3 1wro-3anaqHol uacTH Bapeniespa MOpsA,f 
co6paHHoro B HioHe — Hidvie 1958 r. Bo Bpema II pelica skcneqMMuMOHHOrO CyAHa) 


Pue. 1. Kapta cranmuii skcnequunoHHoro cyyzHa <«IIpo- 

cbeccop Jleproruy», Ha KOTOPHIX ObIIH OOHApy2KeHbI Noro- 

Hodopbl. a — cranwun II peiica (14 VI — 11 VII 1958 r.), 
6 — cranunu VIII pelica (12 VIII — 20 X 1959 r.) 


«[Ipodeccop J[eprorun». IIpu stom Ha AByx cTaHuMAx (cM. puc. 1) Obimo0 o6Hna-¥ 
PpyXXeHO HeCKOJIbKO TpyOoK, MoO (topMe HaMOMHHAaIOWINxX TpyOKM MOJIMXeTHI } 
Spiochaetopterus typicus, pykoBolameH (copMbI WeHTpa/ibHO-OapeHlleBomop- 
CKHX KOMIIeKCoB ('), HO OTJH4aIOWIMXCA TO pasMepam H cTpyxKtType. K. H. He-| 
CHCOM, IIpPHHHMAaBIIMM y4uacTHe B pa3sOopkKe, Obi BbICKa3aHO MpeNosox*KeHHe, | 
4TO 9TO TpyOKH HoroHodop. Matepuan Opin mocaan npod. A. B. MsBanosy, 
KOTOPbIM MOATBEPAHI STO MpesnonowKenne. OfHAaKO MOXA COXpaHHOCTh Tela f 
XKUBOTHOTO B TpyOKe jlelala HeEBO3MOXKHBIM JaTb TOUHOe OlpeevieHHe. 

Bo spems VIII peiica B aprycte — oxTa6pe 1959 r. 6blmH MpuMeHeHEI Govtee 
COBeplIeHHble MeTOLMKH COopa OeHToca, B pesybTare uero B 10 npo6ax na] 
6 cTraHuMsax (cM. puc. 1) O6Hapyxeno 18 TpyOok moroHoop c TeIOM HM ero 4a- 
CTAMH HM OKOVIO 30 mycTHIx TpyOok. J.1HHa NOMOBHMHbI H3 HHX MpeBplutaeT 50 MM. 
HanOoulee (IMHHad TpyOKa, Coxep2xKallad TeO 2KMBOTHOFO, AocTuraeT B LHHY 
220 mM, TosuHHAa Tpy6ok 0,2—0,3 mm. Iloronodoppl o6HapyxeHbI Ha TwyOu- | 
Hax QT 170 yo 300 M Ha MauCTEIX PpyHTax, IpHqoHHaA Temnepatypa oT —1,22° 
no +4,08°. Coops mpowsBoqusucb QHouepmatenem «<OxKeaH-50» c muomlaybw | 
3axBaTa 0,25 m?. 

Paccmorpenne Tesla X%KMBOTHOFO MOSBO/IMO OOHAPYKUTb HaIMUMe ABYX ULy- | 
nasiell, YTO 3acTaBUJIO OTHeECTH ero K powy Diplobrachia. A. B. MBanos nocae | 
NOJYYCHHA MaTepvala MOATBepAUJ MNpaBUIbHOCTh STOrO onpenenenuA. fo} 
CUX NOp NpekcTaBuTesu JBYX BUOB ITOFO pola GObIIM M3BeCTHHI JIMIIb M3 1OxKHOH | 
yactu Tuxoro okeaHa c ray6un 7450—7520 m wu v3 Vungniickoro oKeana c raty~ 
Ounet 580 om (?). | 

B nactosee Bpema OOHapyxKeH pA noroHodop B ATaaHTuyecKoM oKeaHe: | 
K loro-3anafly oT BewuKoOputanuu y 3anaqHoro nobepeaba Upaangun, y | 
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eTmaHcKHx OCTpOBoB, y no6epexba Hopseruu, Mcanguu u B Ckareppake. 
[Be HaxoKH 6b chesaupt B LlonapHom GacceiiHe — B BOCTOUHO-CHOU PCKOM 
extope ApKTHKH 4 61M3 BOCTOUHLIX Seperos Tpenmaninu. YAMBUTeJIbHO, 
TO B CTOJIb H3yYeHHOM Mope, Kak Bapenueso, noronodpopbl Ao CHX Nop 
OuapyxeHE! He Opin. M3 8 CTaHUHH, Ha KOTOPbIX OHM BCTpe¥eHbI HAM, 
NoNo 832 nu 606 a) sBasioTca noBTopeHuem cTanunui «[lepces», B3ATHIX 
1. A. 3enxesuuem u B. A. Bpoukoli B 1927 r. Murepecuo, uTo B Ooylee MeIKO- 
OHO OrO-BOcTOYHOM yacTH bapeHueBa Mops, HECMOTPA Ha YacTylO CeTKY 
TaHUMii WM TULaTebHOCTh pa36opKH, NMoroHopopbl OOHapyxKeHbI He ObIJIN. 
3 joro-3amalHoll “acTH HaliH cOopbl He ObIIM CTOJIb LeTaJIbHbIMH, K TOMY #Ke 
369pKa mpoO jaeko He 3aBeplleHa. 


Mypmanckwii Mopckoli OnonornuecKkHit HHCTHTYT Tloctynu0 
Koapexoro dpuinana um. C. M. Kuposa 5 IX 1960 
Axanemun HayK CCCP 


: ILUTHPOBAHHAA JIATEPATYPA 
5 
» :B. A. Bponkag, JI. A. SeukeBuy, Tp. Bcecow3H. Hay4HO-HCcI. HHCT. 
fopcK. pbi6H. xo3. H oKeaHorp., 4, No 8 (1939). 2 A. B. Apauos, Foronodopst, Payna 
CCP, Misa. AH CCCP, 1960. 
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Hornagn Akaxqemun nayk CCCP 
1961. Tom 137, Nb 3 “e 


SOOJIOTH fg 


C. H. YJIOMCKHH 


PEAKHH CJIY4YAH TEPMA®POJUTH3MA | 
Y EUDIAPTOMUS GRACILOIDES (LILL.) (CRUSTACEA, COPEPODA) 
H3 KAMCKOPFO (MEPMCKOPO) BOJOXPAHHJIMINA 
(ITpedcmaeaexo axkademuxom E. H. Tlaeaoecrum 21 X 1960) 
B mpo6e wiaHkTOHa H3 HHKHero mleca Kamckoro BosOxpaHHJiHia oT 
3 1X 1959 r. Opa OOHapy2KeHa CamMKa BeculoHOroro payka Eudiaptomus graci- 


loides (Lill.), pesKo yKoHsI0NLaacA B CTpOeHUM CBOero Tea OT APyrHx ocobes | 
3Toro Bua (puc. 1,/). Ee npaBas antenna | -i mappi Opla NocTpoeua Mo Tuny re- 


Puc. 1. 1 —runanzpomopd Eud. graciloides, 2 — 12—17-i 
WICHHKH TeHHKyJIMpylouleH aHTeHHbI, 3—uHora 5-i mapbl, 
4 —TeHHTaIbHbI CerMeHT 


HUKYJIMpyroulelt AHTeCHHbI Camila (puc. 1, 2), HocTpoeHve reHuTabHOrO CerMeHTA — 
(puc. 1, 4) w Hor 5-4 nappt (pue. 1, 3) cymecTBeHHO He oTM4AaOCb OT OOBINHBIX 
camok E. graciloides, o6uTaiouHx B BooxpaHusume. J.uHa Tea aHoMasbHoOlt 
oco6u (1,19 mm) Obiia MHOrO MeHbINe JIMHbI HOPMaJIbHO Pa3BHTbIX CaMOK H | 
npuom«Kalacb K pasmepy camuoB (Ta6u. 1). Tperuii or Kona WIeHMK TeHUKy- | 
JIMPYtOUlelt AHTCHHDI MME JIMS Y3KY!O NpOspayHylo NACTHHKY, BOJIb ee BHEL- | 
Hero Kpax, 6e3 KplOuKOBHAHOrO BbIpocta. 

Becyionorne paukH — pa3jeJIbHOMOMbIe YKMBOTHHIe, MOSTOMY OMMCHIBaeMBIL | 
Clydal HeCOOTBETCTBHA MY2KCKHX WM 2X€HCKHX MPH3HAKOB y OMHOM UH TO «Ke 
ocoOu MpeAcTaBA COOOIO OYeHb PeKoe ABJIECHHE aHOMaJbHOrO repMadposH- 
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i3Ma B INMpOKOM NOHMMA4HHH 9TOFO CJloBa. Bowee TOUHO 3TA AHOMAJINA JODKHA 
JaACCHPUIMPOBATbCA KaK OHO H3 NPOABJeHHH mceBqorepMadposxuTu3ma (rH- 
AH pomopdusm). Y HalijeHHOrO HaMM 9K3eMIMJIApa TOJIbKO HEKOTOPbIe BTOPHY- 
1€ MOIOBbIe MIPpH3HAaKH (WIMHA Tela, cCTpoeHHe mpaBoli Ai) He COOTBeTCTBOBAaJIH 
apakTepy MOOBOH *Wevesbl (CaMKa). OHOBpeMeHHO C 3THMH IIpH3HakaMu 
yKCKOFO Noa Ha Tele paukKa pasMelaIMcb OpraHbl C BTOPHYHbIMH MOJIOBLIMH 
pPHSHaKaMH CaMKH (pue. |, 3, 4). 

Myxkenofo6ve camoK (aHyAporMHHa) y AHanNTOMH, elle He OblO OMMCAaHO. 
aHee KOHCTATHpOBaHHble aHOMAJIH B CTPOCHHH PyAHMeHTApHBIX Hor 5-H Nappi 
Calanoida (?,*) ckopee moryT paccMaTpHBaTEca Kak ClyuaH aTaBH3Ma, HO He 
POABJICHHA TepMadposuTH3Ma, Tak Kak HaOOAaBLIHeCA OTKJIOHCHHA B CTpoe- 
MM uacTeli Tela STHX PaYKOB He COOTBETCTBOBAIN NpH3HakaM, COBMeLalouHM 
ce6e 4epTH OOOHX MOJO. 

_ [IpwunHa BO3HHKHOBeHHA MaTosorMyeckoro repMadpoluTH3Ma 3akvOUaeT- 
1 B HapyleHHH y 2%KHBOTHBIX JeATeIbHOCTH BHYTpeHHeH cekpewHu. II]pH 9TOM 
3MeCHEHHIO OOMEHA BelllecTB CIOCOOCTBYIOT pasHooOpasuble (bakTOpbl, YMeHbILaIO- 
Me WHTCHCHBHOCTS OKHCJIMTeJIbHbIX MpOlleccoB: MOBbIIeHHe KOHIeHTpalun 
SIOPOAHIX HOHOB, AelicTBve Pa3sHUHLIX IKCTPAKTOB HW AJOB Ha TeJ1O XXHBOT- 
oro u T. A. IIpompnusienHoe 3arpasHeHHe, BHOCHMOe B KamcKoe BOOXpaHMuH- 
e (',7), MOrI0 NOBIHATh Ha HapyllleHve MpotleccoB OOMeHa pa4ukKoB HM croco6b- 
‘BOBaTb BOSHHKHOBeHHIO THHAHApOMopdu3ma. 

' V3 apyrux daxropos, cnocoOubix BbIsBaTb ONMCaHHoe ABJIeHHe, Moria ObITb 
‘TecTBeHHaA rHOpuyusanua. Tipu orsqaieHHol MexKBHOBOM H MexXPOOBO!i 
AOpHAMSaNMH TakxKe MpoHcXoAAT Tuy6okKHe H3MeHeHHA B OOMeHE BellleCcTB 
‘yULHOCTbh MX loka He scHa). Mnorga 3TO conpoBowaeTcA BOSHHKHOBeHHeEM 
aHaHpomopdusa (’), HHTepcekcyasbHocTu (Goldschmidt, 1917 mo (°)) u apy- 
AMM IIPOABJICHHAMH AHOMAJIbHOrO repMadposuTu3ma. [locsieqHee MOrio HMeTb 
ecto 1 B KamcKom Bogoxpanusuuse. B 3ToM BOJoeme Cc CBOeOOpasHbIM OMOsIOrA- 
eckuM pexHmom (°,°) o6uTaioT MATS Apyrux Bugos Calanoida; u3 Hux Eudiap- 
obmus gracilis (Sars.), Eurytemora velox(Lill.) 1 Heterocope appendiculata 
ars. JJOCTHrar1oT B BOJOeMe OTHOCHTEJIbHO Sobol uucneHHOcTH, a Eudiapto- 
tus coeruleus (Fisch.) u Acanthodiaptomus denticornis (Wiezz.) BcTpeuaroTcs 
WeHb PeAKO HM OTICIbHBIMH SK3eMIVIApaMH. 

; Ta6muna i 

UucneHHOcTb, pa3Mepbl Tela H CbIPOH Bec pauKOB 


Huxuuii nec Kamcxoro (Ilepmcxoro) BoyoxpaHusuja, 3 1X 1959 r., 
ray6uHa 20 Mm, Temnepatypa Boge 16,3—16,2° (romotepmus) 


sin A Md 


p ie | 1 3 , 
bux nonepaattonas| Fmna,re- | Open. op 

| TbIC. 9K3. 
7? Eudiaptomus graciloides 
i: ad. o 43,4 |1,2-4,35| 0,046 
‘ ad. Q 21 OP eth A Gaal a5 ne 0,074 
; ov. 9 9.2 14.34.50 | 0,087 
r eet gtacilis, », ad. oc Brat 4,14—1,4 0,05 
H 4 ad. Q 2,30 |4,4-4,6 0,09 
' ov. Q 5,05 |4,3—1,52| 0,40 
i E. coeruleus, ad. o pexko |1,3—1,47 0,06 
: Acanthodiaptomus 
i denticornis, ad. o 4 1,7 pe! 
¥ Eurytemora velox, ad. ¢ 0,25 |4,0—4,2 0,03 
; ad. Q 0,5 4,2—1,4 0,06 
Fs ov. Q 0,9 1,3—1,5 0,08 
¥ Heterocope appendiculata 

ad. o 6,25 1,85—2,15 0,28 

ad. Q 5,7 1,9-—2,15 | 0,29 


in 
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CxofHble pa3sMepb!l Tesla H Bec paykoB H3 poga Eudiaptomus (Ta6.. 1) ne 
3BOJIAIOT CeaTb TpeAMOORKeHHe O BOSMOXHOCTH eCTeCTBEHHOH rHOpHAK3 alu! 
M@xKy HAMA To mHHuH E. coeruleus X E. graciloides Q umn E. gracilis# Xx E 
graciloides 29. B ycnoBuAx pa3pexeHHOH NonysaynH camubr Eudiaptomu 
coeruleus u E. gracilis, He BcTpeyaad CaMoK CBOero BHa, MOrJIH CKpecTHTbCs 
C CaMKaMH ApyrHx BHAOB H3 STOO posla. 

Eudiaptomus graciloides, E. gracilis uw E. coeruleus peqKo *xXHByT CoBMec 
HO, NOITOMY HX PHHAHApomMopdpl Ao CHX Top He ObIJIM H3BeCTHBI. 

IIpenapaT aHomMasbHOK oco6u E. graciloides u3 Kamckoro BowloxpaHHuJinul} 
nepeqaH MHOIO AIA xpaHeHHaA B SoonorMyeckHi uHcTUTyYT AH CCCP (Jlenun 


rpay). 


YpasbeKoe oTjesleHHe Tloctynuio 
TocyapcTBeHHOrO Hay4HO-HCCJeqOBaTeJIbC KOTO 26 IX 1960 
HHCTHTYTa O3epHOrO H peyHOrO pBI6HOrO xo3sAlicTBa 


UHTHPOBAHHAA JIMTEPATYPA 


13. M. Bana6anosa, Hayun.-Texunu. bro. Bcecoro3H. HayYHO-HCCJ, HHCT. O3ep 
H peuH. pbl6Horo xos., JJ., Ne 5, 35 (1957). 73. M. Bana6aunosa, C6opx. pa6oor ca 
Bell. 10 BOMpocaM 3KcMvyaTalwHH KamcKoro pogoxpaHHunma, Ilepmb, 1959. 3S. S. Smi 
noy, Zool. Anz., 92; 11/12, 321 (1931), *C. Co CmaupnH os, MAH) 4 (9) e/a 
(1935). §&C. H. YaomcKkuii, 3o0n. xypu., 38, 1, 3 (1959). ®C. H. Yaomecxkua 
C6opH. pa6or coBell. m0 BONpocaM 9kcrJIyaTauHH KamcKoro BogoxpaHHanma, Ilepmp, 1959 
7B. M. UlumKesuy, Ion nero npusuakn, Ilerporpan, 1921. *§ B. M. WumKesu 
ByronorHyeckHe OCHOBEI 3007I0rHH, 2, 439, M.— IT., 1921. : 
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Wornage Akaygemun nayx CCCP 
1961. Tom 137, Ne 3 


IKCHEPHMEHT AJIBHAA MOP®OJOTH A 
rn ee 


BAH CtO-BH 


BOCCTAHOBJIEHHE MBI, NOPAXKEHHbIX PEHTTEHOBCKHMH 
JIYYAMH, MOCJIE NMEPECAQKH H3MEJIbUEHHOH 
MbILUEYHOH TKAHH 


(ITpedcmaeaeno axademuxom IO. A. Opacevim 28 VI 1960) 


Payom uccieqopanuli (1,°,°,7) nokasaHo, 4To Nocge oOmyyeHnA onpejlesieH- 

(OH Ao3soH PeHTTeHOBCKHX Jlyyeli CNOCOOHOCTA K pereHepallHu NoBpexKeHHOIi 
IbIIMeYHOK TKAHH yrHeTaeTCHA H HaHeCeHHbIi JemeKT 3alo/IHAeTCA B OCHOBHOM 
OCMHHHTEIbHOK H KHPOBOM TKAaHAMH. OHAKO eAHHO TOUKM 3peHHA To STOMY 
lolpocy He CJIO*KHOCb. 
_ BpickasbiBalocb MHeHHe, 4TO OOlyyeHHe MaJjlO OTpaxKaeTcA Ha pereHepa- 
MBHOH CMOCOOHOCTH MBIWeYHOH TKaHH. JlaxKe npH o6lyyeHuu OobUIMMH Jo- 
@MH peHTreHa HeKOTOPbIe aBTOPbI OOHAPy2KHIH JOBOJIbHO BbICOKYIO pereHe- 
lATHBHYIO CNOCOOHOCTb Mb (?,*). Cxoqubie JanHHble nomyuuau T. JI. Conosa 
(B. I]. Muxaiisos (*,°). Bmecre c Tem oTMeuaeTca, 4TO pereHepallHoHHlii mpo- 
cc 3aMefIneTCA MIpH JlyyeBbIx nopaxenuax. B. I]. Muxaiiuop (*) cuntaer, 
TO 9TO NPOHCXOLHT No pxAay MpuunH. Crofa OTHOCATCA HHeKUMU, KPOBOK3JINA- 
(Me, 3ajepx#KKa B PaCccaCbIBaHHH JIeEMKOWMTAMH MposyKTOB TKaHeBoro pacnaya 
| paHe MH HapyllieHve HOPMAJIbHBIX (PPUSHOJIOPH4YeCKHX KOPpeJALHH MeEXxKLy TKa- 
(aM pereHepata. 

MoxkHo CorsacuTbca, YTO pH JYYeBOM NopaxKeHHH pasMUHbIe HapyWieHuA 
byHKUMM OpraHH3Ma HM CBASAHHbIe C STHM OCJIOMKHEHHA MOFYT Co3LaTb Npensar- 
TBHE JJIA HOPMAJIbHOrO TeYeHHA pereHepalMOHHOrO Mpoecca. OfHAaKo Hesb3A 
[CKJOUMTL TOTO, YTO BCe yKa3aHHble (akTOPb! NOMaBJIAIOT COOCTBEHHO pereHe- 
\ATHBHY!0 CHOCOOHOCTD MBIMeYHOH TKAHM. STO BbIPaxKaeTcsA B YMeHbICHHH KO- 
(Mu¥eCTBa MHTO30B MHOFeHHbIX KJIeTOK (MHOOIaCTOB) H B Oovlee ca60M HX pa3- 
IMTHH, YMeHbINeCHHH YHCJa MbIMeYHbIX TpyOoueK y KOHILOB MOBpexKJCHHbIX MbI- 
He€4UHbIX BOJIOKOH H, HaKOHEILl, B M@JIOM KOJIHYeECTBe HOBOOOPasOBaHHbIX MBILUeY- 
BIX BOJIOKOH B jledexTe. 3 

B saOopatopuu A. H. Cryqutckoro Obiio moKasaHo, 4TO MepecayKa u3- 
(@IbUeHHOH MbIIMeYHOH TKAHH CMocoOCTByeT HHTeHCHBHOMY pa3BHTHIO MbI- 
JeuHoH TKaHH B pereHepate (°-!?). STH BEIBOABI ObIJIM NOATBEp2KeHbI UH ApyrimMu 
iccueqoBatenamMu (1°). BO3HHKaeT BOMPOC: MOXKHO JIM BHOBb BbI3BATb HHTCHCHB- 
‘bIM pereHepallHOHHbIM Mpolecc MbIMeYHOH TKAHH Mocwie OGyYeHHA MyTeM Te- 
‘eCayqKH H3MeJIbUeCHHOM MbILMeYHOH TKaHH? C WesbiO BbIACHeHHA 9TOFO BOMpoca 
\bIIO TpoBeseHo HacToALee UCCIELOBaHHe. 

OnpiTb! Obl MocTaBsieHb! Ha 40 GembIx Kpbicax. OGe 3aHHe KOHeUHOCTH BCex 
<HBOTHBIX NOMBeprJIH OMHOKPaTHOMY JIOKaJIbHOMY OGJIY4eHHIO PCHTTEHOBCKHMU 
lyyamu B Jose 2000 r. Uepes fenb nocne oOOyYeHHA HAaHOCHJIH MexaHHyecKkoe 
(OBpexkqeHHe: Ha MpaBOH KOHEYHOCTH NepepesaM monepek o6e roOBKH UKpo- 
(OKHOH MBIUMbI HM KaMOanoBuyHyIo Mply. Ha seBoit KOoHeYHOCTH IIPOH3BO- 
MIM Tepecayiky H3MeJIbYCHHOM MBIMeYHOH TKAHM B J1O%Ke yaleHHbIX HKPOHOXK- 
(oH, KaMOaNOBHAHOH HM NosouIBeHHOH mpm. Matepvan dukcupoBanu xHI- 
ioctbio LlenKepa u cduKcatopom Teaau uepes 1; 3; 7; 14; 21; 30 nu 60 ane 
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Tocsle onepamuu. Cpesbl OKpalliMBaJIH 2Kee3HbIM reMaTOKCHJIHHOM 10 Telex 
ray, as30oKapMuHoM no Telienraluy, MeTHJIOBbIM 3eJIeHbIM — MMpOHHHOM TIG§ 
Bpaie. 

IlonyueHHble JaHHbIe MOKa3bIBaIOT, 4YTO B MepBble HH Mocwe onepalury 
BOCCTAHOBHTeJIbHbIM Mpowecc Ha OO€CHX KOHEYHOCTAX HeT CXOMHbIM OOpa3som 

Yepes eHub Mocuie onepalWu Ha MpaBOH KOHeYHOCTH KOHIbI MOBPexKeHHbI 
MbILNIeYHBIX BOJIOKOH MOBepraioTcA WeHKepoBckomy nepepomwennio. B yuact® 
Kax, Te HeT JerenepalluA, CKanMBaeTcA OobUI0e KONMYeCTBO Makpodaror 
HM JI@HKOWHTOB; Me*Ky MbIMLCYHBIMM BOJIOKHaMH 4aCTO BCTpeyaloTCA BepeTe 
HooOpa3Hble Oas0puJIbHble KMeTKH. Ha meBoH cTropoHe parMeHTb! U3Me/IbyeH| 
HOH MbIMeYHOH TKAHH TakxKe MOABepraloTcA WeHKepOBCKOMY NepepoxKeHHkK 
WIM pasxkuKenuio. Munora BcTpeyaiotcs mpospayHple yuacTKH B Jerenepupyio 
ULHX MBILMeYHbIX BOJIOKHAX OKOJIO IPOHHKAaIollAX B BOJIOKHAa JIeHKOWHTOB. Ppar 
MeHTbI MbILMeYHOH TKAHH pacroviararoTca cpequ tbuOpHHoBoH ceTu. CosepxaHu 
PHK B 9sToT cpok Ha o6eHx cTOpoHax HesHauuTembHO. Hakonuenue PHK Buy 
HO TOJIbKO B APbIIKaX, HHOra BCTpeyaeTcaA B WHTOMMIA3Me MO KpaAM MbIIeY 
HbIX BOJIOKOH OKOJIO Alep B BepeTeHOOOpa3HbIX KJIETKAX, PACIIOMOMKEHHBIX Tt 
60K4M MbILIeYHbIX BOJIOKOH H B Makpotparax. 

Yepes 3 WHA Mocwe onepallun Ha O6eHX CTOPOHAX HJeT elle Mpolecc WeHKepoB 
cKoro MepepowqeHHA HW JereHepauwuu. BakyouH3ayua Ha JeBOM CTOpOHe BbIl 
paxkena cjlaO6ee, 4eM Ha MpaBoi. 

O6pasopannsi MbILI€YHbIX MOUeK B 9TOT CpOK elle He HaOwofaetca. Ha ae 
BOH CTOPOHe Y KOHILOB MOBPe?KCHHBIX MbIMICYHEIX BOJIOKOH HHOra BCTpewalo 
cA MHOOACTHI, KOTOpbie He OOHap yKUBAIOTCA Ha mpapoit cropoue (puc. | a, 6) 
Silecb B MpOKCHMAJIbHOM H AMCTaIbHOM YaCTAX BUHbI TOKO MycTHle TpyOoukH 
oOpasopaHHbie capkoviemolH. M3peqka BcTpeyaloTcA MUTO3bI COeLHHUTEJIbHO 
TKAHHBIX KJIeETOK H HaOOLaloTCA COCAMHHTeEMbHOTKAHHBIC KJICETKH C HeCKOJIb 
KHMH Apamu. Hakonwenve PHK npoucxoguT B Tex *%e yuacTKaXx, YTO HB IIpe 
AbILyWMH CpoK ucceqoBaHHA. Uepes Hefesio Mocie onepalu Ha MpaBou CTO 
POHE MBIINeUHBIe BOJIOKHA MOABeprawTcA BaKYOJIbHOMY TlepeporKeHHI0, OHak 
spa, OM3KHe K BAKYOJIAM, COXPaHAIOT HOPMAJIbHYIO CTPYKTYpy: BUAHO Appi 
KO HM 3@PpHbILIKH XpoMaTHHa. MpimleyHEle MOUKH H MHOOMACTbI K STOMY CpOK 
y HEKOTOPbIX XMBOTHBIX BCTpeualoTcsA, a y Apyrux He oOHapyxKuBaloTcA. BuaHE 
elle He paccocaBlineca HeEKPpOTHYeCKHe MaCCbI H KPOBAHOH crycToK. B AuCTAaNb 
HOM YaCTH MOBpexKAeHHOH MbILLIUbI BOKpy? AereHepUp YIOllHX MbILICYHbIX BOJIOKO} 
BCTpeyaeTCA MHOFO MaKpotaroB, B ILHTOMIa3Me HX COfepxKaTCA 3epHLIMIKU. On 
6equpt PHK, Tora Kak HeMHOYO JlaJIbIlle OT STHX KIETOK MaKpodbaru pH oKpac 
Ke lo Bpauie MHTeHCHBHO OKpalleHbI B KpaCHbIi WBeT. BerpeyaioTca MUTOSI 
COeMHHTeIbHOTKaHHbIX KJIeTOK. Hakonmenue PHK na6mofaetca Kpome AApb 
IWeK, B OKOJOALEPpHOM WHTOMIaA3Me MbILICEYHBIX BOJIOKOH, B MaKpo(dbarax, a Takk 
B MBIINC4HbIX MO“KaX HM MHOOacTax. Ha JeBoll cCTopoHe Yepe3 Hees0 Mocwe One 
pallMH Mpotecc Aerenepaun 3aTHxaer. Peqko BcTpeyaetca BakyounsanuA. H 
KOHI[aX MepepesaHHbIX MbILMeYHbIX BOJIOKOH, HeMocpeqcTBeHHO MpHuieraronyy 
K H3M@JIbUeHHOK TKAHH, OOpasylOTCA MBILIeYHbIe MOUKH HM MbINIeUHbIe TPpyOouK 
B 3HAUHTeIbHO OOJIbUIeEM KOJIH¥eCTBe, 4YeM Ha paBol cTopoHe. MoprlewHple m0" 
KH COJ€p%KaT MHOXKECTBO KPYMHBIX, CBeTJIBIX Aep C Oo/bUIMMH A pbILIKaMh 
Hakonwenne PHK na6mogaetca B Tex Ke y4acTKaX, KaK HB Mpesbiyuiy 
CpoK HccyleloBaHuA. SameTHoO, 4¥TO KomMuecTBO PHK YBeAMYMBAeTCA B MbIITeL 
HbIX MOuUKaX HM TpyOouKax, oco6eHHo B HX OKOJOAepHon WuTonma3sme. Mute 
CHBHO OKPAallleHbI H A/PbILIKH, pasMepbI KOTOPHIX B Apax y KOHIWLOB Mepepesa 
HbIX MbIIMe4HbIX BOJIOKOH yBeIM4nBaloTcA. OcTajibHaaA 4acTb pereHepata, ry 
OblIa MepecakeHa H3MebYeCHHAA MbIIMeYHAA TKaHb, 3amlo/iHeHa MHOroUncseH 
HbIMM MbILMe4HbIMM TpyOOUKaMH, KOTOPbIX 3Ha4HTebHO OobIIe, TEM B pereHe 
paTax [paBol CTOpoHbt. 

Ha6mogaiotcs ABseHUA ereHepallM KyCO4UKOB M3MebYeHHOM TKaHH. He 
KOTOPble€ H3 HHX CTAHOBATCA TOMOPeHHBIMH, a Apyrve CHJIbHO OKPpallIMBaloTC 
reMaTOKCHJIMHOM. B stax yyacrkax PHK ucuesaer. OnnaKo HapsAyy Cc 9THM 
HEKOTOPHIX HMpemapaTax BUAHO, YTO MbINedHEIe (parmMeHTpl He ereHepupyio 
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Puc. 1. BoccraHopieHHe MBI, MopaxKeHHbIX PeHTTeHOBCKHMH JIy¥aMH, TMocyle mepecayKH 
- -H3Me/IbYCHHO!! MbILIeUHOM TKAaHH y GesbIxX KpbIC. a, 6 — KOHUbI MOBPC*KCHHBIX MBIIMeYHBIX BOJO- 
KOH; a — 3 AHA Mocue onepalMH Monepeynoro paspesa; 6 — 3 ANA MoCue ONepallHH MepecayKH 
H3MeCJIbUCHHOM MbINIeUHOH TKAaHH; 6 — 2 Mec. MoCvle onepallHH HaHeCeHHA MONepeyHoro paspesa, 


COeCIHHHTEMBHOTKaHHbI pyOeu B WectbeKTe; 2 — 2 Mec. Nloce ONepallHH NepecadKH H3MeJIbYueHHOH 
MBIIMe4HOM TKAHH; Ha MecTe MocseqHel — HOBOOOpa30BaHHble MbIIMeYHbIe BOIOKHA. 3a JleHb 10 one- 
PallHH MBIIUE! MOLBepraHCb OOyYeHHIO B 03e 2000r. )KenesHbtit remaToKcHHH mo Teijenratiny 


—. 


\H, T. 137,Ne 3, Ban Cro-6n 
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HO MPOABIAIOT NPH3HAKM BOCCTAHOBHUTeIbHOM peakUHN. OHH COXpaHsAIOT Tore- 
peuHy!0 UCYepYeHHOCTh HM HOPMAJIbHY10 CTpyKTypy sep. Apa HX HHTCHCHBHO 
Beteacica — amuToTHyeckH. Ha Koniax TakuxX (pparMeHTOB 4aCTO BCTPe- 
YaIOTCA MbIMIeHbIe MOUKH HM MHOOacTHI. KomnuectBo PHK 3yecb cHIbHO yBe- 
mwuuuBaetca. Kpome toro, PHK nakanuuspaetca B (pHOpoOsacTax MB MaKpo- 
dbarax. Becrpeuarorcd MUTOSbI COCAMHUTEbHOTKAHHEIX KJIe€TOK M MHOOACTOB. 
KouuecTBO MHTO30B OosIbllle, YeM Ha TIpaBol cTOpoHe. 
 Uepes 2 Heyes nocae onepaluu Ha MpaBol CTOPOHe BUAHO elle BAKYOJIbHOe 
TlepepoxweHve NOBPeKCHHBIX MBIICUHBIX BOJIOKOH. Y KOHILOB MepepesaHHbix 
PIMICGHBIX BOJIOKOH HaGI0faloTCA HW MBIMNeUHbIe NOUKH, HM MHOOsacTHI. B Mpuey- 
HbIX MOUKAX, OCOOeHHO B WHTOMMA3Me OKOJIO Aflep, NOKaNH3sHpyerca OovbuIOe 
komuuectso PHK. B fedektTe MbIMeUHBIX 9JIeMeHTOB HemHoro. B ANcTabHOn 
ACTH MBIMe4HBIC BOJIOKHA UACTbIO COXPAHAIOTCA, YACTbIO yKe 3AMeCHHJIHCh CO- 
€HHUTeIbHOM TKAHbIO. 
_ Ha sesoit cropove BakyouMsalluH B OCTABLIMXCA BOJOKHAX yrKe He HaOwi0- 
faeTcs. OKONIO KOHIMOB MepepesaHHbIX MbIINeYHBIX BOJIOKOH B COe\MHMTeIbHYIO 
TKaHb BPaCTalOT MbIINeUHbIC TpyOoukKH MH MOVJIO{bIe MbIMNeYHbIe BOJIOKHA. 
OG6nacTh TpaHcMaHTalMH H3MebYeHHOH TKAHM 3amouHeHa OOJIbUIHM KoOvIMYe- 
CTBOM MOJIO{bIX MBIICYHBIX BOJIOKOH HM TpyOouek. Sapa ux pacmomoxkKeHbI HK 
Tlo nepudepuu, HIM ele B WeHTpe BoJOKHa. Ha KOHIaxX TaKHX BOJOKOH H B 
MbIIMe4HBIX TpyOouKax HaGnoaeTcH yBemMueHHe ‘KomMYecTBa PHK. Koun- 
¥WeCTBO" HOBOOOPa3OBaHHBIX MbIIICYHEIX BOJIOKOH YBeIHYeHO NO CpaBHeHHIO 
¢€ pereHepaTaMH lpaBol CTOpOHHEI. 
_ Uepes 3 HesemH mocie onepaluu B pereHepaTax oOeHX KOHeUHOCTeHM BHJ- 
HbI HOBOOOpa30BaHHble MBIMCYHbIC BOJIOKHA, OLHAKO KOJIMYECTBO UX Ha MpaBoli 
CTOPOHe HeBeTHKO, B eteKTe OoubUIOe MECTO 3AHHMAET COCAMHUTEIbHAA TKAHb. 
Ha sepoli cropone B pereHepate BHHO OoubII0e KOJIHYECTBO MBINedHbIX TpyOo- 
YeK HM MOJIOMBIX MbIMIeCUHbIX BOMOKOH. Mx ropa3yqo 6obe NO CpaBHeHUIO C Mpa- 
BOM cTopoHoi. PasHuua B cosepwaHuH PHK mexyy mpaBoit uM JeBOl CTOpo- 
HaMu K STOMY CpoKy y2Ke He TaK 3aMeTHa, Kak paHbule. Uepes 30—60 AHel 
Mlocyie olepailHu Ha NpaBol CTOpoHe jeeKT B OCHOBHOM 3allOJIHeH CoeHHH- 
‘TebHOM TKAHbIO, HOBOOOpasOBaHHBIX MBILICYHbIX BOJOKOH HeMHOrO (puc. |e). 
B guctasbuoi vacTH MbIIMeuHbIe BOJIOKHa YaCTbIO COXPaHAIOTCA, YACTbIO yrxKe 
“ZAMCHHJIMCb COeC],HHHTeJIbHOH TKAaHbIO. 
_ Ha sesoli cropoHe pereHepaTnl MpescTaBeHbl HOBOOOpasoBaHHOH MbILIe4- 
‘Hoit TKaHbio (prc. le). uamerp HoBooOpasoBaHHbIX MbIIIeYHbIX BOJIOKOH Ha 
“HEKOTOPBIX MpemapaTax NouTu JOcTHraeT MaMeTpa OCTABLIMXCA B NPOKCHMAaJIb- 
HOM UaCTH MbIWIeYHBIX BOJIOKOH. HoBooOpa30BaHHble MbIIMeYHbIe BOJIOKHa O- 
‘eTHraloT AMCTaIbHOM uacTH pereHepata. 
_ Kosnaectso PHK wa o6enx cropoHax kK STOMy CpoKy YMeHblaeTCA: PHK 
“oOHapyxXMBaeTcA TOKO B AMpbIllKaX H B WNTOMIasMe OKOJO Aep B MbI- 
“WICUHBIX BOJIOKHaX, a Take OKOJO Aep B COCAMHHTCIbHOTKaHHbIX KJe- 
‘TKax. 
_ Ha ocuhopaHuu nowyyeHHbIX JaHHbIX MOMKHO CieaTb CileMyIOUHe BbIBOABI: 
1. BoccraHoBuTenbubiii Mpolecc B MbIWeYHOH TKAHH, NoBeprHyTOH ofHO- 
_KpaTHomy JOKaIbHoMy oOyuennio B ose 2000 r, npoTekaeT HHTeHCHBHEE pH 
‘Tlepecay{kax H3MeJIb4YeHHOM MbIMeYHOH TKAHH, 4eM IPH MpocTOH Mepepeske MbIILI- 
ei 9370 BEIpakaetcA B OLICTPOM MpekpalljeHHH Mpowecca Werenepaluu, B HH- 


‘TCHCHBHOM Pa3BHTHH MOJIOAbIX MBIIMeUHBIX 9JIEMCHTOB, B OOJIbINeM KOJIM4eCTBE 
“HOBOOOpasOBaHHLIX MBIIIEUHEIX BONOKOH B MO3KHH€ CpOKH BOCCTAHOBUTEdIb- 
Horo mpouecca. 

-  Mox#Ho nosaraTb, 4TO CHbHOe NMoBpexkeHve IyTeM H3MeCJIbYeCHHA OKA3bI- 
“BaeT CTHMYJMpyloulee BIIMAHMe Ha Mpouecc pereHepaluu NopaxKeHHol oOsy- 

€HHe€M MbIIMeuHOH TKaHH. 

2. Tlocne mepecayKH W3Me/IbYeHHOM MbIMeUHOH TKaHH He BCe (parMeHTbl 
HlocuieyqueH JereHepHpy!loT — uacTb MBIWNeUHbIX (parMeHTOB OCTaeTCA 2KHSHE- 
cnocoO6Hol WH OOHAapy2KHBaeT CIIOCOOHOCTh K BOCCTAHOBJICHHIO. Kommugerbo 
'PHK B Takux yuacTKax CHbHO yBesMUHBaeTCH. : 
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3. Ha paHHHx cTaHAX BOCCTAaHOBHTeIbHOrO Mpowecca HakonmeHHe PH 
OouIbule Ha CTOPOHE NepecaKH H3Me/IbYeCHHOH MbUNeGHOM TKAaHH. Ilo-BHyMMoMy 
OOMeH BelLeECTB B 9TOM CJlydae HeT HHTeHCHBHEE. 


Vuctutyt mMopdonorHu xxHBOTHEIX uM. A. H. Cepepnosa J locrynHsio 
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| @PUZ3HOJIOTHA 


P. A. .YPHHSAH 


A@®EPEHTHbIE MYTH TA3ZOBOLO HEPBA B 3AU\HUX CTOJIBAX 
CNWMHHOFO MO3rA KOWIKH 


(IIpedcmaeneno akxademuxom B. H. Yeprueoeckum 1 XI 1960) 


. Tasoppiii HepB ABJIAeTCA BayKHeHIIMM addbepeHTHBIM KOJIIEKTOPOM, HeCyUIHM 
MHopMallMIo OT OpraHoB Mavioro Ta3a. Hexoropbie Ha3bIBatoT eo TaSOBbIM Ba- 
rycom ("'). 

 Jlonroe Bpema adxpepeHTHbie MpoekiHH TasoBoro HepBa B IeHTpa/IbHOH 
HepBHOM CHCTeMe OCTaBaJIHCb HeMCC/le¢qOBaHHbIMH. Jluumb B TMocmeqHve TojHl, 
MeTOJOM OTBeCHHA MepBUYHBIX OvoseKTPHYeCKUX peakUHil, Obiso Usy4eHO 
acpbepeHTHOe MpefcTaBUTeIbCTBO TasOBOrO HepBa B Kope OouIbLINX Momyuiapui 
M Mo3xKeUKa KolleK u coOak (2). Bene 3a STHM HAMM Oplslo UCCMeOBAaHO TeMH 
Ke MeTOJaMH pacmpeyeieHue adpepeHTHbIX CHCTeM Ta30BOrO HepBa B 3ay\HeM 
BCHTPaJIbHOM Ape TalaMyca KOIIKH GE 

 B HacTostiem cooOuleHHH MpHBOAATCA MaHHbIe O PacipekesCHHH acdcepeHT- 
HbIX BOJIOKOH Ta30BOro HepBa B 3aHUXx cTONOaX CHMHHOFO MOsra KOUIKH. Uc- 
CIeOBAHUA MIpOBOLWJIMCb B YCOBUAX OCTpOro OMbITa Ha KOMIKAX, nlorpy2KeH- 
HbIX B HemOyTat (20 mr/Kr)-xslopamosHpiit (30 mr/Kr) Hapkos. OjHOBpeMeHHO 
BBOAMJICA JIMCTCHOH MIM AMTHIMH HM MpOBOAMOCb HCKYCCTBeHHOe JbIXaHHe. 
}KupoTtuoe UKCHpOBasIOCb B CTepeoTaKCH4eCKOM mpu6ope. HlosBoHOuHHK 3a- 
KPeMIAJICA IPH MOMOMLM Tpex CTAaJbHbIX CIMIL (uMameTp 2,5 MM), Mpomycki2M [< 
wepe3s MeKMO3BOHOUHbIC XPAUIM. Boxkosple JBWKCHHA OPpaHH4BasM MphxKHM- 
HbIe BTYJIKH, HajleTble Ha CIMILbI, KOTOPble AeCTKO (pHKCHpOBaJIMCb Ha MpoMoub- 
HbIX HalpaBJAIOULMx CTepeoTakcH4eckoro mpH6opa. 

jpa losponounpli Kanal BCKpbIBascA B Mpemetax OAHOTO cerMeHTa, TBepjaA 
MO3roBad OOoO"Ka yaiaacb, MOBepXHOCTb CiMHHOrO Mosra 3aIMBaslaCb 
TeMJLIM MHHEPaJIbHbIM MACJIOM; IIpH MOMOULH aBTOMaTHYeCKOrO 9,1€KTPOMoo- 
rpepa mokepxKuBalach TemnepaTypa Teva *KMBOTHOLO. 


a 


Ta6uunma 1 


XapakTepHcTuka BbI3BaHHbIX MOTeCHILMaAJIOB, OTBOAMMBIX B 3aHHx cTom6ax CMMHHOrO 


: mosra (HNcesaTepambHOo), Mp passpaxkeHuu TasoBoro {HepBa (L 4—5) 
A AMUsuTyya 
Tay6 - JI hi |A - || Tayo S 
a neeaTeHTHOE |GeuvenbHon paaet \pkeuua waxposmex- Feraete aorek:| Nop eareay 
. Tpofa, p WHasia, MCeK mMoTeHitvasla, PB Tpoya, WHasa, MCeK TeHUMana, 2B 
40 2,4 400 500 4,7 150 
30 2,4 400 550 1,9 140 
50 2,5 110 600 | ona 2,4 430 
100 2.5 4410 650 2,0 130 
150 Pe, 430 700 | 2,4 110 
200 1.9 140 750 | 2.4 110 
j 250 Af Le 800 2,3 60 
> 45 900 2,4 40 
B 350 7 SMA 1,4 150 1000 26 30 
400 | de 160 1500 2.8 20 
450 | 1.4 160 
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MnauddepeuTHblit suleKTpod 3aKpensAJIcA B Teo NosBoHKa. McceqyroulA 
MHUKPO3eKTpO MpescTaBiasl coOoH CTabHylO UrJly, AMaMeTpoM cTepxKH 
jo 200", H301MpoBaHHy10 6ak3JINTOM 3a HCKJIIOUCHHEM KOHYHKA, KOTOPbI AMe 

750 p 500 250 0 uametp 10—20 ». MuxkposexTpo 
BBOAMJICA TIpH MOMOMLM cTepeoTakcu 
yeCKOrO MHKPOMAaHHIyJIATopa. 

B kone onbita NpoBoxwica rH 
CTOJIOPHYeCKHH KOHTPOJIb pacioJio 
*KeHHA KOHYHKA 371eKTposa (°) H Me 
TOJLOM HaJIO*KeHHA (PPOHTAJIbHbIX Cpe 
30B CMHHHOrO Mo3sra yTOUHsAIAac 
30Ha acbtepeHTHbIX MpPOBOAHHKOB. 

OJHHOUHEIe TIpAMOYFOJIbHbIe HM 
YJIbCbl, JWIHTebHOCTHIO 500 teceK 
CHHXPOHH3HpOBaHHble C pa3sBepTKO 
oclMJWIocKoNa, NoaBaslucb Ha WeHT 
PaJIbHbIM KOHeIL NepeceyeHHoro Ta 
30B0ro HepBa Yepes H30Upy!Oulnit 
Tpancdopmatop. Ammintya HMNyJIb 
coB KosleGanacb oT | fo 5 B. Veene 
WLyeMble + MOTeCHWHaIbI OTBOAMIHCH 
YHHMOJAPHO HW MoLaBaJIHCb Ha BXO 
YCHJIMTeIA MepeMeHHOLO ToKa, CoOpa 
HHOrO Mo GaslaHCHOH CxeMe, H TOCJ 
COOTBETCTBYIOULeTO YyCHJIeHHA Ha 


= \ 


Ss a a TWh os LEED em ee 
Bo Btn pan 4 


scestethleeeerenrineymeniirheeinanytetiorsione dee 


oo 
~~ 
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Puc. 1. Ilorenwvanbl, oTBORHMBbIE B 3a],HHX 
cTom6ax CMHHHOTO MoO3ra KOUIKH (HMceJla-| 
TepaJlbHO) IipH paspaxkeHHH TasoBoro Hep- 
pa (L 4—5). Ilo peptukantu — ray6una mo- 
IpyKeHHA 9IeKTPONa B MHKPOHAaXx (oT Jop- 
CaJIbHOH IOBEp XHOCTH); ®MA — coxyc mak- 


CHMaJIbHOW akTHBHOCTH. Ilo ropH3s0HTaiH 
TOUKH NOrpyKeHHA SIeEKTpOa B MUKpoHax 
(maTepayIbHO OT 3a/{He-MeyjMalbHOH mepero 


/ 
hi, 
) 
‘! 
i 
nh 
| 
a 
a 
ah 
4 


poakn). TlomoxKuTebHad BOIHa HalpaBsiex 
BHH3. Kanu6posKa 50 WB; OTMeTKa BpeMeHH! 
5 MceK. 
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OOaNuCb Ha 3KpaHe OCHMAOcKoNa u peracrpHpoBaduch coTorpaduyecknu. 
XapakT2pHCTHKH YCHJIMTeeH Obi JIMHeHHbIMH B Mpefesax oT 5 fo 500 rn. 
Uceneqopaiuch Kable 50 # no Beptukamm Hu 250 »—no carrutTanu 


Puc. 2. XapaktTepHcTHkKa  BbI3BaH- 46 
HbIX NMOTCHUHAJIOB, OTBOAHMBEIX B 3aj- 
HHX CTOI6axX CNHHHOTO Mosra (HMCe- 
JaTepabHo), IpH pa3—paxkeHun Taso- 
Boro Hepspa (L 4—5). Ilo ocu opgu- 
HaT — JlaTeHTHbI mepHoy (B MMJIWIH- 
CeKyHflax) H aMMJIHTy a MOJIO*KUTeIb- 
HOrO KovleOaHHA (B MHKPOBOJIbTAaX). 
IIo ocu a6cunce — ray6una norpy- 
*KeHHA SeKTPOAa. a — aMmiVIMTyZa 
MOJIOXKHTeIbHOK a3sbl, O — JlaTeHT- 


“ 
HbIM MepHox oTBeta. Toukamu yKa3an 100 300 S500 700 900, 1500 
pasOpoc yaa 10 noTenuHanos (cM. ' j 

tTa6. 1) @MA 


(pve. 1). Ilomumo TasoBoro HepBa CTHMYJIMpOBaJHCb TaKKe COOTBETCTBYIOMHE 
TOMO JIOrHYeCKHe COMATHYECKHE HePBbI: CeMaHILHbIH, KPeCTIOBLIe HM HW KHHE 
10 AC HHYHbIE ~HepBbl. <a 
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Uceneqopanne CHMHHOrO MO3ra MpoBOsMocb Ha ypoBHe te tans cer- 
mMeHToB: S 3—4; L 4—5; Th 5—6; C 2—3. 

B mpefemax 3aqHux CTO/60B CNMHHOTO Mo3sra MpoBosAHe nyTH Ta30Boro 
HepBa pacnoOJIO%KeHb! JOBOJIbHO KOMMAaKTHO. ITO HaGwIOAANH MW [pyre aBTopsl 


s 

f 

¥ 

4 Puc. 3. ComaroTomuyeckoe pacnpemetenHe acpdpepeut- 

HbIX BOJIOKOH Ta30BOro (a) H CefasHuHOrO (6) HepBOB 
B 3aHWX CTOoNO6ax CNHHHOrO Mosra Ha ypoBHe L 4—5 

- (uncenaTepambHO). YkKa3aHbl NOTEHUMAaIbI, OTBOZHMBIE 

M B ®MA Ta30Boro HepBa. Kaan6poska 50 ws 


_ (?). pu norpyxenun sieKTpoga oT RopcaIbHOH MoBepXHOCTH BrulyOb, Ha pac- 
' cTOAsHuM fo 750  maTepabHO OT 3aj\He-MeqMaJIbHOK NeperopoxKu (puc. 1), 
| nocTeeHHO HapacTaeT aMMIJIMTy1a BbISBAHHBIX MOTeHI\MasIOB; OHOBpeMeHHO 
| HaOsofaeTcsA HeKOTOPoe yKOpoueHHe aTeHTHOrO Mepuosa (cM. TaGA. | w puc. 2). 
. ®okyc MakcumMasbHOK axTHBHocTH (PMA) BpIsBaHHbIX NOTeHIMasOB, Ha ypoBHe 
_ CpeMHAX MOACHHUHBIX CcerMeHToB (L 4—5), oOHapyxkuBaeTcA MNCeaTep asIbHO, 
Ha rityOune 200—800 +, Ha paccrosHuu 250—500 + maTepasibHoO OT 3aqHel Me- 
_ (HaubHO MeperopoxKu (puc. | u 3). pu AanbHenuiem norpyxKeHuN sieKTposa 
AMIIUTYa OTBETOB CHWKAeTCHA,a JATeEHTHLIM MepHoy Hapactaer (Tau. 1 u puc.1). 

IlpH yHHNOAPHOM OTBeCHHH MHKPOIJIeCKTPOAOM OTBETHI B 3aHUX CTOLI- 
 6ax BCera NOMOKUTeIbHBI. CieqoBaTesIbHO, MOTeHI[MAaJIbI PEFMCTPHPywOTCH OT 
_ BOJIOKOH MOBpeKEHHBIX IPH BBeeCHHH IIeCKTpoa, DHaMeTp KoTOporo 3Ha4dH- 
TeJIbHO Oombiie AHametTpa BowoKoH (°3,"). 

B npenenax ®MA amnsuTyia BbISBAaHHBIX NoTeHMasloB JocTuraer 140— 
160 IB, » NATeHTHBIM MepHo, OTBETOB KONeOeTCA B Mpewetax 1,2—2,1 Mcek, 
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JWIMTEIbHOCTb MOJIOKUTEMbHOM cbasbl He MpeBblitaeT 5—7 mcek. BpemeHuple 
MlapaMeTpbl. CBHETEILCTBYIOT O TOM, YTO B fOpCaJIbHBIX CTONOaxX MpOXOAAT 
TOJICTLIE MH3JIMHH3HpOBaHHble BOJIOKHa C HaMOOJIbUIeH CKOPOCTbIO MpoBeeHHaA, 
HeCyllHe MpOMpHolenTHBHbIe HMIMYJIbCbI OT OpraHoB MaJIOro Ta3a. ITO, M0-BH- 
JMMOMY, BOJIOKHa THNa AB, addepeHTHbIe NpOeKIHH KOTOPbIX MpeMCTaBJICHbI B 
3aJH€M BeCHTPaJIbHOM spe Talamyca (') H B CeHCopHoH 30He KOpbI OovIbINIMXx 
nosymapuu (7). 

IIpoBoxalHve NyTH CeLamHULHOrO HepBaB 3a,HHX CTONOaX Ha TOM 2%Ke ypoB- 
He clMHHOro mosra (L 4—5) pacnowowxexHb! Goslee aTepambHo (puc. 3), Io- 
TCHILHaJIbI, OTBOLHMbIe B OMA, HHYeM He OTIH4UAIOTCA OT NOTeHI[MAaJIOB T430B0- 
ro HepBa. B HeKOTOpbIX y4acTKaX, MpeHMyLecTBeHHO pacnioso*wKeHHEIx B DMA 
MpOBOAAMLAX MyTeH Ta3OBOrO HM CeMaHIHOrO HepBOB, OOHAPyXKUBAIOTCA TOUKH, 
re MOXKHO OTBOLUTbh NOTeHIMaJIbI IPH pasi{paxkenuH OOoHX HepBoB. CyeqoBa- 
TeJIbHO, B 3THX 30HAX HMeeT MECTO TepeKpbiTHe addepeHTHBIX CHCTeM YKa3aH- 
HbIX H€PBOB, KOTOPoe COxpaHAeTCA H Ha Ooviee BLICLIMX YPOBHAX MWeHTpasIbHOK 
HepBHOH cucTempl (*,”). Tloqo6Hble B3aMMOOTHOLIEHHA, 3aKJIabIBaIOWHeca yxKe 
Ha YpOBHe CMHHAJIbHbIX CefMeHTOB, TMO-BHAMMOMy, OOecIeyHBaIOT B3aHMosel- 
CTBHe M@XKy COMATHUeCKHMH (CeaIHIHbIM HepB) H BHCWepasIbHbIMM (Ta3OBbIi 
HepB) PyHKUMAMH. 

IIpH cpaBHenuu mopcdo-cbu3vosorMuyeckoH xXapakTepHCTUKU acpdepeHTHBIX 
CHCTeM Ta3OBOrO HM CeaJIHUJHOTO HepBOB B 3a]HHX CTONOAX CNHHHOrO Mosra 
HHKaKOH pa3HHUbl He OOHAPyKHBaeTCA. 

AHaJIOrH4Hbe JaHHble MpHBeseHbI B JIHTepaType OTHOCHTeIbHO XapakTe- 
PHCTHKH MpOBOAALLAX MyTeH UpeBHOrO HepBa H TOMOJOrMYeCKUX COMATHYeCKUX 
HepBoB (°-8,11 12), 

Takum oOpa3om, addepeHTHEIe CHCTeMbI BHYTPeCHHHX OpraHOB B 3aHHXx 
cTo6ax CNHHHOrO Mo3ra HMeIOT BOCXOLALLMe MYTH, THMMGHBIe LIA COMaTHYe- 
CKUX addepeHTHBIX CHcTeM. OHM MpOBOLAT HHCOpMaLLMIO C TAKOM He CKOPOCTHIO, 
Kak COMATH¥eCKHe BOJIOKHa COOTBETCTByIOMero AMaMeTpa. 

Tlocue nepeppipa B Apax 3aHero KaHaTHKa acpdepeHTHbIe CHCTeMbI BHYT- 
PeHHUX OpraHOB BXOAAT B COCTaB Me(HAaJIbHOrO JICEMHHCKA, 3aXOAT B CHemuu- 
YeCKHe 30HbI 3aHeFo BEHTPaJIbHOrO Apa TaamMyca MH, HaKOHell, oOpasyroT ups- 
MbI€ TaJIaMO-KOPTHK@JIbHble MPOeKIHH Ha cielwMdpMyecKHe 3OHbI COMATO-CeH- 
COPpHOH KOpbI OoJIbUIHX MosyuapHi Mmosra. 


MuctutyT HOpMaJIbHOH HM naTOMOrHyecKOH cbu3sHoNorHH TlocrynHwo 
AkajleMHH MeqHUHHCKHX HayK CCCP 29 X 1960 
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PHSHOJIOIH f1 


A. ®.;NJIEWMTbIN, B. A. KALLHTAQ3E u A. M. MOHAEHKOB 


HOBDBIE JIAHHBIE O CKOPOCTH HAKOMJIEHHA CTOJIBHAUHOFO 
AHTHTOKCHHA B KPOBH OBE3bSHH NOCJIE PEBAKILMHALMM 


(ITpedcmaeaeno axademuxom=B. H. Yeprueoscrum 24 1X=1960) 


B mepBom CooOuleHHH, MOCBAILeCHHOM HacToAulemy Bompocy (), Oblmu mpu- 
»BeeHLI MATePHaJIbI, CBHETeEILCTBYIONLHE O TOM, YTO HaKoNeHHe CTOOHAYHOrO 
AaHTHTOKCHHA B KPOBH OOe3bAH Moce peBaKUMHAHH MpOHCXOLUT C BeCbMa 3Ha- 
| 4HTebHOM CKopocTbio. Cojepxanve aHTHTOKCHHa BO3pacTao y OoJIbIIMHCTBa 
_2KMBOTHEIX B TeYeHHe OIW2KAHMIMX CYTOK BCJIe 3a PeBaKIMHAllMell B HECKOJIbKO 
pa3. B qambueliiiem aHaJiorH4Hble HaOMOAeHHA Obl MpOBeeHbI Ha MEJIKUX J1a60- 
PaTOPHBIX %KMBOTHBIX (KPOJMKH) HM Ha WoAAx (1,*). [pu stom Opto ycraHoBse- 
HO, 4TO, B OTMUMe OT OOe3bAH, Y KPOJIMKOB B CaMble OM KaliuIMe CPOKH Mocse 
-peBakUHHaluu B pAe CilyyaeB HaOsIOaeTCA CHWKeHHE THTPa AHTHTOKCHHA, 
CMeHAIOMLeecaA B aulbHeliiem ( B NpoMexkyTKe BpemMeHu 24—48 ac.) 3HauH- 
TeJIbDHBIM eTO NoBblweHHem. UTo KacaeTca moLeH, TO y HAX JHHAMHKA HaKoON- 
_JleHHA CTOJOHAYHOTO AHTHTOKCHHA Tlocsle peBaKIMHallMH BO MHOroM ompele- 
JIA€TCA BEMYHMHOH OCTAaTOUHOrO THTpa — 4eM NOCcMeHHH Bblllle, Tem Oosee 
MeJJICHHO MIPpOHCXOJHT MOBbILIeHHe Cosep2xKaHHA AHTHTOKCHHA B KPOBH Tiocsie 
peBakilMHalun. 

YUHTEIBAA HM3BECTHOe HECOBMayeHHe pe3yJIbTaTOB 3KCMepHMeHTOB Ha KPpo- 

JIMKaX HW OOe3bAHAaX, HAMH ObIIH MOCTABJICHbI JONOJIHUTeMbHbIe ONbITHI Ha O6e3bA- 
HaxX, MMeBINIHe WeJlbIO PelWIHMTb BOMpPOC, CBA3AHbI JIM pe3YJIbTATbI TepBbIx 
Hallux HaOm0LeHu Ha OOesbAHaX C HEKHMM OCOObIMH YCJIOBHAMM (BHA aHa- 
“TOKCHHA, JJIMTeCJIbHOCTb HHTepBasia Me@KAy BaKUMHAalveH HW peBaKI[MHallNel, 
cxeMa TlepBHYHOK HMMYHH3alHH U T. J.), HIM 2%Ke OHH TpaBHJIbHO OTpParKaloT 
.XapaKTepHble OCOOCHHOCTH pa3BHTHA HMMYHHTeTa y 3THX XHBOTHBIX TMocwye p-- 
BaKIUMHAaTOPHOrO BOSeHCTBHA. 

Kak M paHee, S9KCNepHMeHTHI ObIJIH MOCTaBJIeHbI Ha OOe3bAHaX MAaKaKyC- 
pesyc pa3Horo Bospacta uM nova. Ha6mofeHHa MpoBo,usHCcb B NHTOMHHKe B 
rop. CyxXyMH B ycJIOBHAX CBOOOAHOrO Cosep2KaHHA OO€3bAH B OTKPbITbIX BOJIbe- 
pax. B ompite Opiio Hcnomb30BaHO 9 *KUBOTHBIX. BakWMHallMA H peBakilMHalua 
06e3baH OCYMLECTBIAJIMCb C MOMOUKbIO HAaTHBHOTO CTOJOHAYHOrO aHaTOKCHHa. 
'B xogle nepsBuuHor MMMYHU3aMM AHATOKCHH BBOMMVJICA 2KMBOTHBIM IOAKOXHO, 
nee C HHTepBasiom B 30 Aueli, MepBbiit pas B KosMUeCTBE 2 MJI MW BTOpol pas 
I ma. Uepes 6 mec. u 20 qHel Nocwe BaKIMHALMU Oblia NpOHsBeeHa peBaKIH- 
Halla MyTeM MofKoxwKHOrO BBeseHuA | Mi aHAaTOKCHHA. 

CojlepxkaHue CTOJIOHAYHOFO AHTHTOKCHHA B CbIBOPOTKe KPOBH OOe3bAH HCCuIe- 
JOBaIOCh HeMOCpeACTBEHHO JO peBaKUHHalHH u 4epes 2; 4; 6 uM 24 aca, a TaK- 
~#%e 2 u 3 cyToK nocie peBaki\uHalun. CbriBOpOTKH KPOBH KaxKOrO %KMBOTHOFO 
THTPOBAaJIHCb B OTIENbHOCTH, IPH S9TOM KOJIMYeCTBEHHOe OMpeleseHHe AHTHTOK- 
(€HHa MpoBoLHOch C HavOOJIbIeH BO3MOXKHOH TOUHOCThIO. 

PesyibTaTHI HaOIOLeHuH NMpMMeHHTebHO K OJIM2KAaliIMM CpoKaM mMocue 
‘peaxuunannn mpefcTaBeHp B Tau. 1. 

Kak BHJHO, pe3YJIbTaTbl MPOBeeCHHbIX SKCIEPMMEHTOB OKAa3aJIHCb IIpHH- 

_UAMMaNIbHO aHaJOrHUHbIMM aHHbIM, MOJIyYCHHbIM B MepBOM OMbITe Ha OOe3bA- 
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Junamuka cogepkauHsa crou6usunoro axTuTokcuHa (B AE) B KpoBy o6e3baH B OMKAahWNe 
CpOKH Tocle OTAaeHHO peBakKUHHAuHH 


- Yy Yq Uepes Uepes Uepes 
Kamuka o0e3baHbI pages 2 ages ee 6 ace 24 ca 48 waco 72 mace 
Buprosa 0,01 0,015 0,015 0,015 0,02 0,02 0,05 
Keomata 0,08 0,08 0,08 0,08 0,08 0,08 Od 
Mura 0,02 0,03 0,03 0,02 0,02 0,04 Or 
Ka3aub 0,07 0,07 0,07 0,4 Oz OFZ OFZ 
Kapoanua 0,03 0,02 0,02 0,03 0,03 0,04 0,08 
Beruca 0,4 0,1 Of 0,4 0,15 OW 0,2 
Onepa 0,4 Lee ss 0,45 0,45 0,45 0,15 052 
Apma 0,1 0,41 Oto 0,415 OB Rs) O52 (Ope 
Apa 0,1 0,49 One 052 O',25 0,25 0,25 
BecpeqHem. . 0,06 0,08 0,09 0,4 Onde 0,13 0,16 


Hax. Kak HW B TOM CJly¥ae, SaMeTHOe HapacTaHHe coepxKaHHA AHTHTOKCHHAa 
B KPOBHM 2KHBOTHBIX OTMeYaeTCH yrKe B CaMble PaHHHe CpOKH Mocwie peBakUMHa- 
HH, IIpH4YeM HMeCHHO B STH CPOKH OHO OKA3bIBaeTCA OTHOCHTeIbHO GOowlee 3Ha- 
YHTeEJIbHIM, YM B MocleLyloulee BpemA (B Mpesenwax nepBEIx 3 cyToK). Tax, 
yepes 2 yaca Mocle peBaKIMHallMH MOBbILIeCHHe THTPa AHTHTOKCHHA 0 CpaBHe- 
HHIO C HCXOAHbIM HaGwofaocb y 4 OOe3bxaH, Yepes 6 4ac.— y 6, a Yepes 24 
yaca — y 7. Ilo mpomectBun 2 cyToK nocwle peBakIHHaluu JIMUIb y 1 OOe3bAHBI 
cojlepxKaHHe AHTHTOKCHHA B KPOBH He IpeBblllaylo HCXOLHOK BemH4HHEI. B cper- 
HeM K HCXOfly CYTOK Nocvle peBakKWHHaLHU THTP AHTHTOKCHHA B KPOBH OOe3bAH 
MOBBICHJICA B [Ba pasa. 

IloquepkKMBax COOTBeTCTBHE pe3YJIbTaTOB epBoro HM BTOPOrO OMbITOB Ha 
o6e3bAHAaX, H€JIb3A He OTMETHTb B TO Ke BPeMA H3BECTHOe KOJIMYeECTBEHHOe pa3- 
Hue MexKLy HHMH. MHTeHCHBHOCTb HaKOMJIeHHA AHTHTOKCHHA B TepBOM onbire 
B TedeHHe OMKaHWIMX 24 "ac. Moce peBakWHHalHH Opiwia B 2 pasa Goulee 3Ha- 
4HTeIbHOK. TpyHo onpeseseHHo CKa3aTb O MIpHYHHAX, BbISBABLIMX 9TO pasJH- 
uve. OHO H3 HUX, BO3MOXKHO, ABHJOCb OTJIH4YHe B HMMYHOFeHHBIX CBOHCTBAaX, 
IIPHMCHABUIMXCA [JIA BAKIMHALMH aHaTOKCHHOB. Moro uMeTb 3Ha¥eHHe TakxKe 
pasHoe BpeMA roa, B KOTOPOe MpOH3BOMMAaCh NepBHYHaA BaKWMHAaMA HM pe- 
BaKIMHalMA XKMBOTHBIX (MOCJIEQHAA B Me€pBOM OMbITe Oplia MpoBesleHa eTOM, 
a BO BTOPOM — B Hauavie BecHbI). HakoHell, HeJIb3A HCKJINOUHTh HM TaKOM cakr, 
KaK pa3JIM4HOe CofepxKaHHve OOe3bAH, HCMOJIb3OBaHHBIX B TepBOM H BTOPOM 
9KCIePpHMeHTaxX (B KJI€ETKAX H OTKPbITbIX BOJIbepax). 

IIpupeyeHHble MaTepHaJIbI MOKA3bIBalOT, TAKHM OOPa30M, 4TO IPH peBaKlH- 
Haw OOe3bAH (ha3a BPeMCHHOFO CHWKEHHA COMepKaHHA AHTHTOKCHHA B KPO- 
BH, B OTJIMUME OT TOFO, YTO MOXKET HAGMMOAAThCA MPH peBaKUHHAaWHH KPOJIHKOB, 
B OOJIbIIMHCTBe CJIly4aeB He HMeeT MecTa. OTH MaTepHaJIbI elle pa3 NOKasbIBaioT, 
CKOJIb OBICTpO B OMNPeMeIeHHbIX YCJIOBHAX MOKET NPOHCXOLUTb MOBbILMeHHe 
Coflep2KaHHA AHTHTe B KPOBH H CKOJIb BaxKHOK UH 9*ppeKTHBHOH Mepow Mpodu- 
JaKTHKH MHDeKUMOHHEIX 3a00JleBaHHU, H B YaCTHOCTH CTOJIOHAKA, ABIAeCTCA 
OTMaleHHad peBakIHHallyA. 


VWnctuTyT HOpMasbHOH H MaTOOrHYeckoH (bu3sHoONOrHH Tlocrynusio 
AxkajeMHH mequitwHcKHx HayK CCCP 21 IX 1960 
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Jloxknagn AkayweMHH HaykK cccP 
1961. Tom 137, Ne 3 


IMBPHOJIOTH fl 


WM. Ml. APMAH u A. A. HEA®AX 


PAJIMALLMOHHOE HCCJIEXOBAHHE MOP®OrEHETHUECKON 
®YHKIUMH AEP B PAHHEM PA3SBHTHH OCETPOBDIX PbIb 


(IIpedcmaeaecno axademuxom 10. A. Opaosoim 9 XI 1960) 


VUiccneqopanve mepvoxos mopdoreneTuuecKkon PyHKIHH Aep NyTeM HX pa- 
JMalMOHHOM MHAaKTHBALHH ObiIO OCYMLeCTBJIeHO Ha 3apofpllllax BbIOHa ‘ar 


_ a 3aTeM paciipocrpaneno Ha SMOpHOHaJIbHOe pasBUTHe ApyrHXx 2KMBOTHEIX —Gec- 


XBOCTBIX amuOuii (2), MopcKoro exka (*), ackapuap (*). La cpaBHuTedbHOrO HC- 
CNeOBAHHA TpelcTaBsAeT HHTepec COMOCTAaBJEHHEe HE TOJIbKO LaJleKO OTCTOALLAX 
pyr oT Apyra cucTemaTuyecKuXx py, TaKHX Kak MO3BOHOUHbIe H HEMaTOII, 
HO HW OTHOCHTebHO ONM3KHX, TAKHX Kak pblOpl H aMpHOHH. 

BuiGop ocerposbix pbl6 B KayecTBe OGbeKTA UCC/eqOBaHHA HAaCTOAUeH pa- 
6oTbl OOLACHAeTCA TeM, UTO XAapakTep pa3BHUTHA y HHX, COXpaHAA YepTHI, CBOH- 
CTBeHHbI€ Kulaccy pbI6, BO MHOrOM, OCOOeHHO B PaHHeM Pa3sBHTHH, HallOMHHaeT 
paspuTHe ampuOuii (°). OTO KacaeTCA xXapakTepa WpoOeHua, racTpyJAWHH, 
HeKOTOPEIX MeXaHH3MOB pa3BHTHA. Bmecte C TeM, HECKOJIbKO OoJbIlIee KOVIM- 
uecTBO *KeJITKa, ¥eM B Allax OObUIMHCTBa aMpHOU, MpHBOLUT K oMpese/eH- 
HbIM pa3JIMYHAM, XOTA Obl KOJIMYeCTBEHHOrO XapaKTepa, y2ke Ha 9TUX PAaHHUX 
craquax. Ha Oonee Mo3qHUX CTAHAX OTMMUMA 3apOfbllila OCeETPOBbIX OT 3apO- 
ypuia amuOuii Jemaorca Bce CyllecTBeHHee, HM OOUHe YepTbI pasBUTHA, CBOM- 
CTBeHHbI€ ppi6aM, CTaHoBsATca Bce oTyueTsuBee. [losTOMy ObIIO MHTepeCHO BbIAC- 
HUTb, cylelyeT JIM pacnpeleienve nepHosos MopdoreHeTHueckoH akTHBHOCTH 
ajlep 10 BpeMeHH IllaHy, CBOMCTBeHHOMY KOCTHCTHIM ppi6am (*), WIM 2#e — aM- 
cudusam (?). 

BuiGop ocerpoBbIX ONpaBaH TakxKe HM TeM, YTO B OTHOIMeCHHH HX HMe- 
jOTCA ykKe ONyOMMKOBaHHbIe palMosMOpHoJorMyecKhe MU paHOUHTOJOrH- 
yeckuve Janupie (°,”), MoTBepxaiolNe AepHyio NpHpoky pasalvoHHoro 
opaxkeHUsA, MoAcKasbiBaionjve BHIGOP MO3bl, MHAKTHBUPyioUleH pa, H MO3BO- 
Jimiouyve CpaBHUTb MopdoreneTHvyecKky!0 (PyHKIHIo Aep C xXapakTepHbIMH H3- 
MeCHeCHHAMM B MMTOTHUeCKOM AKTHBHOCTH, KaK 9TO ObluiIo CeaHo paHee Ha 
BbioHe (’). 

Onpemenenve mopdoreHeTH4uecKOH AKTHBHOCTH Ajlep MPOW3BOAMOCh B Ha- 
crosilel padoTe MeTOJOM, Mof,poOHo omucaHHom pauee (*). OH COCTOHT B TOM, ¥TO 
lolOupaercaA Takad 03a palMallMu, KOTOPad MpakTHYeCKH MOMHOCTbIO HHAK- 
THBUpyeT reHeTuYecKylO PyHKUMIO Afep, HO NoBperwkaeT UMTOMNNASMy elle HE 
HaCTOMIbKO, UTOOLI @TO CYIeCTBeEHHO OTpaxKasiocb Ha pasBuTHH. MHaKTuBupys 
3TOH MO3oH Apa sapofplllel Ha PasM4HDIX, MOCEMOBATeMbHbIX CTATMAX Pas- 
BUTHA, MOXKHO YCTaHOBUTb, Kora Apa ocyulecTBAIOT MopcoreHeTHyUeCcK y10 
@YHKUMIO KOHTPOA Hall pasBUTHeM MC KaKHMH CTAMMAMM PasBUTHA STA (byHK- 
IMA CBA3aHa. 

Matepuaa uw MeTOQ. ONBITHI NpOBOAMJIHCh B yCTbe Ilona (1957 r.) 
u Boaru (1958 r.). OnnogorBopenuple oOecKsIecHHbIe AKIla OCeTpa UM CeBpiorn 
TlepeBoOSHIMCb B JaOopaTopHio HM OOMyUAMCh Ha pasHbIX CTaMMAX PasBUTHA 
peHTFeHOBCKUMM sIy4uaMH Ha anmapate PYM-3 (180 xB, 10 ma, 6e3 cbusbTpa, 
500 r/muu). Jlo3a o6nyuenua 10 Kr. OTa Ao3a MOKeT CUMTATECH ocTaTOuHOH Aix 
TIpakTHYeCKH MOMHOM MHAKTHBALMN Aep OCeTPOBbIX (*) u xoctucterx (*). Ho 
cBoemy jeficTBHIO Ha BbIOHa OHA MOUTH He OTIMGACTCA OT 3HAMHTCIbHO Gowlee 
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BbICOKHX 03. SaMeTHbI€ MOBPeKCHHA WHTOMMA3MbI OOHAPy2KUBAaIOTCA TOJIbKO 
mpH fo3ax nopszka 60—80 xr u Bpmue. Mkpa uHKyOupoBanacb B 4allKax 
Tlerpu u peryApHo NpocmaTpuBaslach AJA OMpedeeHHA CTaquu,Ha KOTOPOH ocTa- 
HOBHJIOCb pa3BHTHe. CTaqvv pa3sBHTHA ompesenaAmuch no T. A. Jlernad u A. C. 
Tuns6ypr (°) H BbIPpPaxkaucb TakxKe B 4YaCaX HOPMAJIbHOPO pasBUTHA MpH 21—22° 
(Ha ocu a6cuncc pwc. 1 aHEt o6e UKavJbl). 

TlomyueHHble JaHHble rpadpvyecKH BbIpaKaJIHCb TeM 2%e cmocoOoM, Y4TO Hu 
npexge (174). Ha ocu a6cuucc — cTaqHH HOPM@JIbHOTO pa3BUTHA, KOTOPbIX 
JlOCTHraioT H Ha KOTOPbIX OCTAHaBJIHBAaIOTCA OONyYeHHbIe 3apompH. Hajocu 
OpAuHAaT — CTaWH pa3BHTHA, Ha KOTOPbIX NPOusBOAMIOCb oOmyyeHHe. Ha 


wae. 
30 


25+ 


20 


a eee eS heh baba h by nei AE eet 
10 15 20 25 30 3S 40 vac 


ee Seger ty Ml | ( ‘ ( 
ION 121212 1313 13°% 16-17 18 23 26 =cmaduy 
6neHue Facmpynauun OpeaHozeHes 


s- 


Puc. 1. 3aBHcHMOCTS CTaqHH OCTaHOBKH pa3BHTHA H MpoxouKUTeIb- 
HOCTH pa3sBHTHA mocie OOJlyyeHHA OT OOmy4aemoH cTaquH. J — 
MOMEHTHI OGJlyueHHa, 2 —OCTaHOBKa pa3BHTHA. OObACHeHHe B TeK- 
cTe. a — ceppiora, 1957 r; 6 — cespiora, 1958 r.; e—ocetp,41958 r. 


lipaMoi / KaxKaad TOUKA COOTBETCTBYeT MOMeHTY OO/IyYeHHA OMHOM CTAAMH pas- 
BUTMA — CTaHA MOKeT OITL ONpeleseHa MpoekuveH STOH TOUKH Ha sMtOOyro 
v3 oceli. Ha skcnepHMeHTaJIbHOH KpHBOH 2 — KaxKad TOUKAa COOTBETCTBYeT 
CTaHH OCTAHOBKH pa3BHTHA 3apofbilel, OOyYeHHbIX B MOMeHT, OOo3HadeH- 
HbIli Ha TOM 2Ke TopH30HTaIH Ha MpxAMow J. Takum oOpa3om, paccTosHHe Mo Fro- 
PH3OHTaIM oT MpsAmMou / Jo KpHBOH 2 NoKasbiBaeT CIMOCOOHOCTh K Pa3BUTHIO: 
Y OOYYeHHEIX 3apoOfbIlel, COCTOAUIMX H3 KJIeTOK C MHAKTHBAPOBaHHbIMH 
Ajlpamu. 

Ha pc. 1 oka3asocb BO3MO?KHBIM CBECTH Pe3yJIbTaTbI BCeX ONbITOB, TAK Kak 
JlaHHble, MOJIyYeHHbIe Ha OceTpe H CeBplore MH B pasHble Fob, HeCyIleCTBeHHO: 
oTMualoTca Apyr oT Apyra. Hexotoppie pacxowkeHua Mexy TaHHpimn 1957 
uv 1958 rr. (npuH o6myyeHun Ha 10—14-m yac.) mMoryT OObACHATBCA HeCoBep- 
IW€HCTBOM JO3HMeTpHH, 4YTO pH ose 10 kr, sexamleH B KpatHe JeBoH 4acTH 
mato (1), HMeeT ompefemeHHoe 3HayeHHe. Kaxkad TouKa Ha rpaduKe CooTBeT- 
CTBYeT OJHOH MapTHH HKPbI, CofepxKallleH OObI4HO COTHH HKpPHHOK. Bapuannn 
M@eKAY HKPHHKaMH OHO NWapTHH COBepWIeHHO He3HauHTeJIbHBEI. 

Pe3yabTaTu. Ilo xapaxtepy peakKUHH Ha paHalwOHHylO HHaKTHBa- 
IWMIo Aflep paHHee pasBHTHe OCeETPOBbIX, TaK 2X€ KaK HW KOCTHCTHIX pbIO (7), MO- 
*KeT OblITb pasfleseHo Ha ueTEIPe MepHosa, OOOSHAYeHHbIX Ha TpaduKe BOJb 
ocv opfuunat. B J nepuoge (oT onmosqoTBOpeHuA Jo cTaquu 12-, 8 uac., Hadaso: 
nosqHel OlacTyJbl) OOyYeHHe MpHBOAUT K OCTAHOBKe pa3BHUTHA Mepey CaMbIM 
Hayayiom ractpysamun (ctaqua 13-, Il uac.). Y ocraHoBMBIIHXcA B pasBUTHK 
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3apofbilelt ake HaMedaeTCA NOABJeHHe OlacToMopa B Buse MOJIOCKH NHIMeH- 
Ta, OMHaKO MHBarHHalluaA y HHX He HAYHHAaeTCA, H Noc/e MOBOAbHO NpORoKH- 
 T@JIbHOM KOHCepBallMH B TaKOM COCTOAHHM (HHOra Ooulee CyTOK) 3apoypIln 
noru6aoT. OcTaHoBKa Ha 3TOM CTA MpOHCXOMMT He3aBHCHMO OT TOPO, B Ka- 
Koll MOMe€HT MepBoro NepHofa pasBHTHA ObIIO MpoNsBeleHO OOyYeHHe. ITO 
osHauaeT, UTO B TeYeHHe BCero MepBoro MepHoa Apo He HeceT MopdoreHeTH- 
yeCKHX (YHKUMH, Tak KaK efO HHAKTHBAILMA B CAaMOM HauaJie WJM Ke B KOHILE 
9TOroO MepHoya HUKaK He CKa3bIBaeTCA Ha XApakTepe MocueLyroulero pasBuTusAl(’). 


Apobnerue Sacmpynruur Opeanozenes u 


a 
See ee IG 20 ar RO 28 G22") BOe 4) 
Puc. 2. CBa3b MepHozoB MoporeHeTHueCKOl AKTHBHOCTH Aep 


(7) co cTraquamu pasBuTHa E(ZJ), EKoTOpbie B 9TH MepHOTb! 
: o6ecneynBaioTca. CM. TeKCT 


Takaa 2Ke He3aBHCHMOCTb addekTa OT MOMeHTA OOJIyYeHHA OOHApPyxKUBaeTCA 
p [II nepvoge — of paHHeit (ctaqusa 16, 14 yac.) fo mosque (cTaqua 18, 23 
yaca) ractpysbl. OcTaHoBKa pa3BHTHA Tp OOyYeHHH B M0OOl MoMeHT BHYTpH 
9TOrO TMepHola MpouCXoAHT Ha CTaMH 3aMbIKAHHA HepBHOH TpyOKH (cTaqusA 
9923, 26 uac.). Takum o6pa3om, B TeueHHe FacTpyIAUHH MPOHCXOLUT CcBoe06- 
pasHBIli nepepbiB B aKTHBHOCTH, Kora Apo He ocyilecTBuAeT MopdorenerH- 

_ 4eCKHX PyHKUHH. 
CopepiieHHo WHad KapTHHa HaOmogaetca B TeyeHHe // u IV nepnogos. Bo 
[I] nepwose — oT Hatasa nosqHei OnacTy ipl (cTannA 12-, 8 ac.) Jo pannel ra- 
cTpyuibt (craqua 14, 14 uac.) — cTaqHA OCTaHOBKM Pa3BUTHA CyleCTBeHHO 3a- 
BUCHT OT MOMeHTa OO/YYeHHA BHYTPH MepHoga. OOuyyeHue Ha cTaquH Ha | Yac 
6oslee NosqHel, UeM MpebIyulas, MpHBOAHT K OCTAaHOBKe PasBUTHA, Ha 2 aca 
6oulee NosqHeli. JTO o3HayaeT, YTO Apa B STOT MepHO AKTHBHO BbITOJHAIOT CBOH 
MopboreHeTHuecKHe (yHKILHH, OOeCeyHBaA BO3MOXKHOCTh PasBUTHA Ha 3Ha- 
UNTeIbHIM OTPpe3OK BpeMeHH Bllepef. 6 Yac. sTOrO MepHoya onpexessior 14 uac. 
nocuelyromlero pasBuTHA. Takada 2e MopcporeHeTHuecKkat AKTHBHOCTb Ajep 
oOHapyxuBaetca u B IV MepHose: Comee NosqHHe OO/YYeHHA B STOM TepHose 
IpHBOAAT K ele Goslee MO3HHM OCTaHOBKaM Pa3BUTHA. 
Tlonyuenupie aHHble O CBA3H NMepHosoB MopdoreHeTHyeCKON AKTHBHOCTH 
ajlep C XOJOM PaHHero pasBUTHA OCETPOBbIX CXEMATHYHO IIpeACTABJICHbI Ha PHC. 2 
ToHKue AMHMM COeIMHAIOT CTALMM pasBHTHA 3aposbllla — «pyHKWHA WATOMIA3- 
MbI> (BEPXHAA CTpesKa) — C TeMH MOMe€HTAMH MoporeHeTHYeCcKOH AKTHBHOCTH 
ajipa — «pyHKUMA Aflpa»,— BO BpeMA KOTOPbIX STH CTAMM PasBHTHA Mpes- 
ompenensotca. M3 pucyHKa BHAHO, 4TO BIWIOTb lo Hadala racTpy AWM pas- 
BUTHE He KOHTpOJIMpyerca 3HFOTHYeCKUM APOM — CIOCOOHOCTH K STHM CTAAHAM 
pasBUTHA 3aKJaMbIBaeTCA elle B OBOTeHE3e, T. e€. OlpeMeAeTCA MATEPHHCKUM 
reHOTHIIOM. Appa HayHHaloT *PyHKIMOHMpoOBaTb Ha OsacTye H oGecmeuH- 
BaloT TacTpyJIAWMIO MH HeEKOTOPble MOCTTaCTPYJAIMOHHbIe CTAaHH. anpueit- 
wee pasBUTHe OlpekesAeTCA HOBbIM TepHoLoM sAepHOu MopdoreHeTHueckoli 
AKTMBHOCTH, Ha@YHMHaIOllMMCA B KOHIe racTpy/JAWMH. 
Mopdoreneruueckad aKTHBHOCTb sep MOET ObITh BLIPAKEHA KOMMUCCT- 
BeHHO, e€CJIH 3a Mepy AKTHBHOCTH IIPHHATb OTHOMIeHHe MpPOLOJKHTeIbHOCTH 
TOrO HIM MHOTO MepHofa pasBHTHA KO BPeMeHH, KOTOPOe 3aTPayHBaeT Apo, 
UTOOLI OGECIEYHTS STOT OTPe30K PasBHTHA «MopdoreHeTHYecKOl HHopMallHen». 
| OTH eQMHHIUbI OTIOHKEHbI MO OCH OPAHHAT Ha PHC. 3, Tye MpMBeeHbI WIA Cpas- 
‘HeHua [aHHBIe, NoyyeHHple Ha amduOustx (?), OCeTPOBLIX H BbIOHE Cy) Ans 
- 3T0ro MbI BOCHOMb30BAIMCb B KayeCTBe HesaBHCHMolt TlepeMeHHOH, Npesvio- 
 xKenHolt TA. Ieraad (8), 6espasmepHolt BesHuHHOH, BbIpaxaloleH mposou- 
 sKUTeNbHOcTh OMHOrO MHTOTHYecKOorO WHKsa feteHua ApoOnenua. Mcnoup- 

30BaHHe TAKHX eAHHMIL («zeTIAapoB») MOsBOJIAeT BLIOpaTb eHHEI macuiTad, 
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YHOOHDIM JIA OWCHKH OTHOCHTEIbHOM MpOMOJKHTeJIbHOCTH Pa3JIMUHbIX NepH- 
OJOB pasBHUTHA. 

CpaBHeHue Tpex, MpHBeeRHbIX Ha pHc. 3, BHJOB MO3BO/IAeT YCTAHOBHTb 
cuenyrouree. OOIIHM VIA BCeX TpeX BHAOB ABJMAeTCAH TO, 4TO a) MopdoreHe- 
THueCKad PYHKUHA sep HauHHaeTCA Ha CTaMH MHOFHX KJeTOK — oT 500— 
1000 y BbIOHa JO MHOrHX TbICAY y OCeTPOBLIX H am*uOuH; 6) pasBuTHe 3aposE- 
melt C HHAKTHBHPOBaHHbIMH AlpaMu y BCex Tpex opm MpooumKaercA oO Ha- 
yasla TacTpyJAWMH, Kora BepBbIe MpOABJAeTCAH MOpdoreHeTHYeCKaA AKTHB- 
HOCTb sep. OOULHM AIA KOCTHCTHIX H OCETPOBbIX PbIO ABJIAeTCA HasIM4He JByX 
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Puc. 3. [lepHoybl MopdoreHeTHuecKoli aKTHBHOCTH Afep B pa3BHTHH aM- 
cpu6uit (A), ocerposbtx pbi6(5) u Bbiona (B). [—wkKana GespasmepHbIx 
“ eqMHHu. | eqHHuua paBHa | WHKIy JeenHA ApoOenusa. Ilo a6cunccam — 
BpeMA pa3BHTHA B YaCaX, NpHBeseHHoe K WIKale J; M0 OpAWHaTe — aKTHB- 
HOCTb AyzepHol dyHKunH, rye JT — 1 uac pasBuTHaA, a tf — npozomKUTeNb- 
HOCTb ALepHOr (byHKUHH, HeOOXOAHMOH Wid OOeCNeYeHHASTOFO Yaca pasBHTHA 


TlepHoLOB MopdoreHeTHYecKOH aAKTHBHOCTH — MepBbId H3 HHX OOecneuHBaeT 
racTpyJAlHIO, BTOpOi — MoctTracTpyJAWHOHHEIM MopdoreHe3. Y amvouit 
llepepbiBa B AKTMBHOCTH sep He OOHapyxKeHO. OOLIMM JIA OCeTPOBLIX PbIO U 
aMpuOnH ABJIAeTCA Ooslee NO3sqHee HauaIO MOpcoreHeTHYeCKON AKTHBHOCTH Aep. 
Ec.im y BbIOHa OHA HaWMHaeTCA Ha PaHHell — cpefHeH OuacTysle, To y oceTpo- 
“BbIX Ha cpeyHel, a y amuOuii Ha no3qHen Onactyue. 

M3 Bcero CKa3aHHOrO MOXKHO 3aKJIOUHTb, YTO OCETPOBbIe 3AHHMAIOT HEKOTO- 
poe MpomMevkKyTOuHoe MOJO*KeHHe Me*Ky KOCTHCTHIMH pbIOaMH H aMPHOHAMH B 
OTHOWMeCHHH MOporeHeTH4eCKOH AeATeIbHOCTH UX Aep. CxofcTBo B pacnpesle- 
JIQ@HHH %KeITKa WH THMe ApoOseHHA MpPHBOAHT K HeKOTOPOMYy CXOJCTBY BO 
BpeMeHH Havasia AfepHOH aAKTHBHOCTH. 

Bmecte c TeM, B OTHOMICHHH MepHoMYHOCTH MopdoreHeTHYecKOH aAKTHBHO- 
CTH Aep, OCeTPOBbIe COXPaHAIOT OOO, MO-BHHMOMY, AVIA BCero Kslacca OCO- 
OeHHOCTh — HaJIM4He NepepbIBa B AKTHBHOCTH sep, He OOHapy2xxHBaemoro y 
am@uoul. MoxkHo mpelnouaratb, YTO XapakTep sAJepHO-LLUTONMa3sMaTHyeCKUX 
OTHOWeCHHH B Pa3BHTHH ABJIACTCH B SBOJIIOMHOHHOM CMbICJIe Ooulee CTOHKHM 
IIpH3HaKOM, ¥eM COfepxKaHHe HM pacnpelesieHwe *KeJITKa B Alle, KOTOPOe IIpH- 
BOAT K BHEIIHeMy CXOJCTBY PaHHHX CTaqHH pa3BHTHA. 


MuctutyT mopdojiorun 2xHBOTHEIX] uM. A. H. Cepepyosa Tlocrynuio 
Akajemun Hayk CCCP 13 VIII 1960 
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Wloxrxagn Axkagqemun nayk CCCP 
1961. Tom 137, Ne 3 


IMBPHOJIOTHA 


0. ®. CAKYH 


COCTOAHHA HYKJIEOJAPHOFO AMMAPATA OOLLMTOB 
KOCTHCTbIX PbI6 B MEPHOA, NPEAWECTBYIOWUA 
MEHOTHYECKUM JIEJIEHHSM 


t ({Ipedcmaeaeno axademuxom E. H. Taeacecxum 27 IX 1960) 

Oo cyibOe HYK1€ONApHOrO alilapaTa B CO3peBAaIOULHX OOMMTAX KOCTUCTHIX 
‘pbi6 usBecTHO Maso. Ha ocHoBaHHu AaHHbIX, COMeprKal\MXCA B padoTax, MOCBA- 
“INeHHBIX H3y4eHMIO Mpouecca Melio3a (7,7), MOXHO OblIO NpefioMarath, YTO pH 
‘MOATFOTOBKe OOMMTOB KOCTHCTHIX pbIO K MeHOTHYeCKHM JeJIeHHAM AJ PbILIKH 
‘pactBopsloTca. OHaKO OKAa3alOCb, YTO B OOWHTAX Y HEKOTOPbIX BHAOB KOCTHC- 
“THIX pbiO AJPbIIKH B 9TOT NepHOk MOryT MpeTepleBaTb pA CO*KHIX Mopco- 
jlorMueckux mpeoOpasopannii. Bnepsple Take 3arayouHble H3MeHeHHA (hopMbI 
S[PbILeK ObWIM TpociexkeHbI y OAHOM H3 KaMOau (Liopsetta obscura Herz.) 
'(*), XOTA BOSMOXKHO, YTO KapTHHA, HalieHHaA patee P OOWMTAX y MpeACTABUTeA 
Apyroro cemelicrBa v3 oTpaja KaMOaooOpasunix pbid (Rhombus maximus L.), 
TakxKe OTHOCHTCH K STOMY SABJIeHHIO (’). 

B wactosujeli pa6ore mMopdouiorMuecKkHe H3MCHCHHA sAppileK B NepHor 
CO3peBaHHA OOMMTOB H3y4aJIHCb y YeTLIPeX BYOB KOCTHCTHIX pbIO, NPHHae- 
2KalllUX K pasJIM4HbIM OTPAaM HW MofoTpsxam: 1) oTpxy Clupeiformes, mogoTpagR 
Esocoidei — myxa (Esox lucius L.), 2) orpaq Clupeiformes, nofoTpayq Sal- 
monoidei — uyackui cur (Coregonus lavaretus maraenoides Pol.) u Jaqox- 
‘ekuii pumye (Coregonus albula infr. ladogensis Prow.), 3) oTpaz Gasterostei- 
formes — Tpexursas KosouKka (Gasterosteus aculeatus L.). Kycouki SH4HH- 
“KOB OT 9THX pbIO, HAXOAMBUINXCA B MpeHepecTHOM COCTOAHHH, (pPHKCHPOBAaJHCb 
-B 2K KocTH Bysua. Hocue npoBogki yepes WeJJIOHMHOBOE MaCJIO (°) MaTepuan 
3aJIMBaJICA B MapadHH Cc BoCKOM. CepHiiHO MpHroTOBJICHHble Cpe3bl TOLL HOIO 
‘BO }! OKpaliuBasMCb *Kese3HbIM TeMaTOKCHJIHMHOM TDeimenranna. 

B 3aKoHYMBUIMX CBOM pOcT OOWMTAX KOCTHCTHIX PbIO ALpO MepemenaeTcs 
‘¥3 WeHTpa siiteKmeTKH B OGNacTh MuKponuue. Ilocne cMeleHHA Apa B OOMLMH- 
Tax MHOFHX pbi6 (B TOM 4NCJe BCe CHIH, WlyKa KOJNOWKa) HAYHHAeTCA Mpowecc 
‘CMAHMA 2KeNTOUHBIX 3epeH B romMoreHHy1o Maccy. Ha 9Tom 2Talle Co3speBanA 
OOWMTOB AA pPHIUKH pacnowaraioTcsA B WeHTpe Apa. OHH UMeIOT OKPyrylo bop- 
“My M CofepxKaT OObIMHO OMHY HIM HeCKOJIbKO Bakyovell, B 3To BpeMaA OOHapy- 
OKHBaIOTCA TakKKe KapTHHb! CMAHMA s[pbileK. CMaHMe spbILIeK, , Kak 
TpaBlo, BCTpeyaeTCA peKO, HOB HEKOTOPHIX Cy¥aAX OHO MPMBOAMT K o0pa3o- 
‘BaHMIO THPAaHTCKUX sppuuek. Hanpumep, cpeqHHM AMaMeTp ApbIIeK y Ko- 
JHOWIKH papen 12 1, B TO BpeMA Kak AMaMeTp THTaNTCKOFO AMpbIKa MOKET 
octurats 50; y WYK AMaMeTp AMpHileK KoMeOeTCA OKOWTO 10%, a AQpbIUKH, 
BOSHUKUIMe B pesyJbTATe CMAHMA, UMeloT pasmep 24 38 < 24 1. OcobeHHO 
MHOFO OOILMTOB C FHPAHTCKUMH ApLIIKAaMM Obl HalieHo y OHO CAMKH LLyKH, 
B AMYHHKAX KOTOPOH HapALy C HOPMAJIbHBIMM OOMMTAMM TIpHCyTCTBOBAIM [ere- 
epupyroniue oop. [lostomy MOxKHO MpeANONOAKUTb, YTO NOABMEHHe PHPAanT- 
KUX SAJpbEeK HaGmOLaercA MIpH HapyWwleHHu Mpowlecca CospeBaHHA. 

Tlepppie KapTHHbI H3MeHeHHA CPPOpMb! SIAPbILWEK y HCCJeAOBAHHbIXx pbiO Obl 
‘ BHIABJIEHBI B MOMEHT pacTBOpelMA AepHow MeMOpaHbI, KOTOpad y WLyYKM HM CH- 
roBbix pbiO HcuesaeT, KOA MeJITOUHbIC BepHa Ha BereTaTHBHOM mooce CJIH- 
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BalOTCA BMeCTe, OOPa3yH Wap, a Y KOJNOUIKH, KOrla CJIMAHHe KeJITOUHBIX 3e- 
peH B OHY Maccy yxe ToYTH 3akoHYHOch. Y CuroBblx pplO H3MeHeEHHe CPopMbI 
APbINeK HAYMHAaeTCA C OOpasoBaHHA BbIPOcToB (puc. la) HM 3aBepmaeTca mpe- 
O5pa3s0BaHHeM SAJpbILeK B CPpaBHHTeJIbHO TOJICTbIe HUTH. SaTem NpoucXxoLUT 
llepemuieTeHHe H YaCTHYHOe CJIMAHHE HHTeBHAHEIX sppimek. M3yuaa cepunupie 
Cpe3bl, MOKHO YBHJETh, UTO AMPbILIKH OOPasylOT MVIOTHBIM, MOJIbIM BHYTPH KJy- 
60K H MOsTOMy Ha Cpe3ax, MpouleqwIHX Yepes LeHTp K1yOKa, !HyKJeOIApHbI 
anmapaT Telepb HMeeT BHA Kouba (puc. 16). Bo BHyTpeHHel NowocTu KIyOKa 
MOXKHO PaCCMOTPeTb XPOMOCOMBI B BUe KOPOTKHX 3epHUCTHIX HUTeH. B aibHel- 
UleM XOjle Npowecca CO3peBaHHA OOWHTOB KJYOOK AApbILIeK MOCTeMeHHO pactia- 
jlaeTCA Ha OTJeIbHbIe (parMeHTp! (pHc. le), OCTaTKH KOTOPbIX COXpaHAIOTCH 
JO MOABJICHHA MOUTH CChOpMUpoBaHHOrO BepeTeHa MepBoro MeHOTHYeCKOrO Ae- 
ueHua (puc. le). 

Y ULYKH B MOMeCHT paCTBOpeHHA AepHOH MeMOpaHbl APbINKH aroT KOpPOT- 
KM BbIPOCTbl, HalpaBJICHHbIe B pa3Hble CTOPOHEI, H OwlaroapA STOMY MpHHH- 
MaloT OY€Hb TpHuyAMBylo cbopmy (puc. 2a). Tlo3qHee oH, Kak M y CHIOBbIX 
pbiO, MpHoOperaioT BUA HUTeH HM OOpPasylOT PbIXJIOe CKONJIeHHe, BHYTPH KOTO- 
poro HaxojlaTca xpomgcombl (pwc. 26). PacTBopenHe sAyppillek, CocTaBJIA10- 
ULHX CKOMJIeHHe, Y ULYKH HauHHaeTCH HeECKOJIbKO PaHbuUle, 4eM Y CHFOBbIX pbIO, 
MOSTOMY yxKe Ha CaMbIX PaHHHX 9TaNaxX COpMHpoBaHHA BepeTeHa MepBoro 
Je@NeHHA CO3PpeBaHHA OT AJPHILeK COXPaHAIOTCA JIMWb HeOoubUIMe PIbIOKH. 
Y KOJNOUIKH, B OTJIH4HE OT ILYKH HW CHroOB, HaOOAaeTCA 3HAUNTEbHOe CIMAHHE 
ANpbuueK, KOHUECHTPHpylOUlMxcaA BOKpyr oOOuacTH GOyyulero dopmupoBaHHA 
BepeTeHa nepBoro MeHoTHuecKkoro JeseHHA (puc. 3a). Ha Oomee mo3qHem 9Tane 
co3peBaHHA, KOra BOKpyr XpOMOCOM IIOABJIAeCTCA CHAHHEe, OT CJIMBIUMXCA 
AJIPbIMeK COXPaHAIOTCA eule KPYyMHble PIbIOKH, HHTCHCHBHO OKpaliMBaloMlMeca 
*KeJIC3HbIM TEMATOKCHJIMHOM. MovKHO 34MeTHTb TaKKe, 4TO B STO BPeMA OOACTb 
pacnoJloxKeHHA XPOMOCOM B OOWHTAX KOJIOWIKH OKpyxKeHa CBeTJIOOKpallleH- | 
HOH, HMelouleH TOMOreHHY!O CTPYKTYPy 30HOM, KOTOpacA, OYCBHAHO, BOSHMKaeT 
IIpH pacTBOpeHHH s{pbluukKOBOrO KoMmMeKca (puc. 36). 

Takum o6pa3om, y BCeX HCCJIe€OBAHHLIX B HaCTOALLeH paooTe pri B nepHoy 
CO3peBaHHA B OOWHTAX IIPOHCXOAAT 3AKOHOMePHbIle H3MCHEHHA AJPbIWIeK, B pe- 
3yJIbTaTe KOTOPbIX BOKpyr OOacTH (POPMHPOBaHHA BepeTeHa MepBoro MeHOTH- 
yeCKOrO JeJIeHHA NOABJIAeTCA OOpa3soBaHHe, COCTOAMee H3 NepeleTarouluxcA 


“ HHTeBHHBIX APbILIeK, KOTOPbl€ MOryT ObITb B OOVIbIIeH HJIH MeHbIUeH CTeneHH 


CJIMTbI MexKy co6oH. Hecmotps Ha TO YTO ONHCbIBAaeMOe ABMCHHE TipeliuecTByeT 
IlepBOMY MeHOTHYeCKOMY JeieHHIO, HH B OHOM U3 paOoT, NMOCBAULeHHbIX aHa- 
JIH3yY Tipolecca MeHio3a y KOCTHCTHIX pbI6, O HEM He yNoMHHaeTCcA. B HeEKOTOpBIX 
cly4aAX 9TO MOXKET OODACHATLCA TEM, 4YTO Mpolecc MpeocOpaso0BaHHA AA pbilleK 
lIpOTeKaeT OYeHb OBICTPO H NosToMy ero serKo MponycTuTb. Ho B psfe cyuaeB 
mpeoOpasoBaHHnA AJpbileK B Mmpollecce MeHoO3a, BO3MOXKHO, WH He HaOwuoMaeTca. 
Hanpumep, B OOMHTAaX CbhIPTH — pbIObI H3 OTPAa KapnooOpasHEIx, y KOTOPOH 
CPaBHUTeJIbHO JleTa/IbHO ObIIH H3yYeHbI paHHHe 9sTalbl NepHowa cospeBaHus 
(*),— KapTHHBI, HalieHHpre y KaMOawpl (*), CHTOB, ULYKH H KOJIOWIKH, He Obl 


Puc. 1. Pa3iM4Hble COCTOAHHA HYKMeOAAPHOFO alMapaTa OOWMTOB CHTOBbIX pbIO B MepHOL, npep- 
IN€CTBYIOINMit +MeHOTHYeCKHM JeJIeHHAM. a@ — OOpas0BaHHe HHTeBHJHEIX AMpbIWIeK B OOMMTAaX 
uyackoro cura; 6 —cpe3 uepe3s Kiy6OK, OOpa30BaHHbIt NepenseTalou\uMHCaA HUTeBHAHBIMH 
ALPbIUIKAMH. Bua noslocTh Kily6Ka (uyf{CKOH Cur); 6 — pacnay KiyOKa Ha OTJeNbHbIe dpar- 
MeHTbI B OOWMTAX pHMyca; 2 — OCTaTOUHbIe :parMeHTbl ApPblNeK, e*KaulWe BOKpyr BepeTeHa 
MeTacasbl _MepBoro JeseHHA Co3speBaHHa (punyc). OK 7, 06. 90X. Ou. yBen. 750X 


Puc. 2. Hykieonspupiit anmapaT OOWMTOB UyKH. @ — H3MeHeHHe (OpMbI AZpbILeK B MOMeHT 
PpacTBOpeHHA sAepHok MeMOpaHbl; 6 — CKOMMeHHe SpbINeK BOKpyr OOMacTH dopMHpoBaHHaA 
BepeTeHa MepBoro MelioTH¥ecKoro Jenenua. OK. 7, 06. 90x. OOul. yBen. 750 


Puce. 3. HykleovapHblit anmapaT OOUMTOR TpeXHrsoli KOJIOWIKH. a — OOpasoBaHHe, BOSHHKuIee 
e3yJIbTaTe CIMAHUA Apbunek; 6 — pacTBopeHHe ApbINKOBOTO KOMIMJIeKCa, BOKpyr XpoMo- | 
COM MOABHNOCh cHaHHe. OK. 7, 06. 90 .O6m. yBeu. 750 x @ 
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Pue. 4 
Puce. 
Puce. 3 


or a4 


f 
cTpeueHh!. Hlockombky mpeoOpasoBanue A/pbillleK 6bll0 O6Hapy2xKeHO y pbi6, 


[PUHAANeKauUX K PasHbIM OTPAaM M MofoTpALaM M yacTO AasteKUx Apy! OT 
[pyra B CHCTEMATHUCCKOM OTHOUIEHHH, TPYAHO MpeAMOMOKUTb, YTO oTCyTCTBHe 
TOrO ABJICHHA Y CbIPTH MpecTaBAAeT ee BULOBYIO OCOOeHHOCTS WIM oco6eH- 
locTb pbIO U3 OTPAa KapnooOpasHbix. OveBUAHO, B MpoTeKaHHH Mpollecca CO3- 
eBAHUA OOIMTOB y KaMOaJIbl, CHTOB, WlyKH HM KOJIOWIKM MO CpaBHeHHIO C XO- 
[om 3TOrO Hpomecca y CbIPTH U, MO-BHAMMOMY, Y HeKOTOPbIxX Apyrux ppd cyuye- 
TBYIOT KAKHE-TO Pa3JIMYMA, KOTOPbIe OMNpPeeAIOT NOBeMeHHe HYKMCOVMAPHOFO 
ynniapata. OAHMM M3 TaKUX Pa3sIM4YHH MOKET ABAATECA CMAHHE 2KCUITOUHDIX 
sepeH B OOWMTAX KaMOaJbI, CHTOB, ILyKH H KOJIOWIKH, KOTOPOe, HACKO/bKO H3- 
3eCTHO, He HaGsoflaeTcA y Kapnossix pblO. B cBasn C STHM OoubIOH HHTepec 
IpelcTaBaeT JatbHeimiee CpaBHUTeNbHOe U3yyeHHe PaHHUX STArlOB Tipowecca 
‘O3PeBAHUA OOWMTOB y pasHbIX BUOB KOCTHCTHIX ppi6. Takoii cpaBHuTeJIbHbIii 
1HAIH3 ABJIEHHA NpeoOpasoBaHHAs AAPbILICK B COSPeBarolllux OOMHTAX KOCTHCTHIX 
ybIO C MIPHMeHEHHeM WHTOXMMMYECKHX MCTOROB UCCIeAOBAHHA jloubKeH croco6- 
*TBOBATb Govlee PIyOOKOMy NOHHMaHHI0 3QKOHOMepHocTeH mpotlecca melio3a 
A BbIACHEHMIO POJM SApbieK B 9TOM BaxKHelMeM MIpollecce, MpPoTeKalouleM B 


MOJOBBIX KuleTKaXx. 


; Tloctynu0 
” / 26 1X 1960 
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